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How large is 
the universe? 


We really don't know the answer, 
bout we know that it's at least 
large as the Big Bang and cosmic 
expansion tel us 


‘The concept of the size of the universe 
has taken huge strides forward in just 
the last few years, There was a time 
not long ago when astrophysicists 
didn’t know how big the cosmos is, 
‘The Big Bang theory reminds us that 
‘once the universe was small, We know 
the fastest any radiation can travel is 
the speed of light. We also know the 
universe is 13,8 billion years old. 

At first blush, you might expect 
radiation across the uni 
‘expand by something like 30 billion 
light-years after that time. But that’s 
too simplistic. The Big Bang wasn't 
like a bomb going off; space itself 
‘expands over time so that | centimeter 
in the early cosmos becomes 2 cent 
meters and so on, Because of space- 
lime’s expansion, we know the 
universe is at least 93 billion ight- 

But there's a major proviso to that 
number, which refers to the visible 
luniverse, Our visble universe may not 
be the entire universe, and on top of 
that, some cosmologists even believe 
the cosmos could be infinite 


se 10 


So at best, we can say the universe 
is atleast 93 billion light-years across, 
which is a pretty good hike 

= David J. Eicher 
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BY JEFF HESTER 


Our roots in the 
COSMOS Bs KecIes 


Editor’ note: With this issue we welcome Jeff Hester, who is 
well known for his work with the Hubble Space Telescope. His 
credits include Hubbles most famous image, “The Pillars of 
Creation” He now works as a certified professional coach, key- 
note speaker, and thinking partner, helping people find success 
in changing times. n this new monthly colunm, he will share 
his thoughts on just what makes it so remarkable to be human. 


fount yourself lucky! you want to know about ancient 
Noteveryone can say Greece, you can visit ruins; you 
they were present at can study artifacts; you can read 
the moment human- Homer. But history s always 
kind’s conception of open to interpretation, It's not 
itself changed. But you ean, like you can sit dowa with an, 
Since the dawn of history, ‘engineer and go over a video of 
‘humans have built whole civil them building the Parthenon!” 
‘ations around myths and fables Historians might have to 
linking our existence toa mysti- put up with such annoying 
cal celestial ealm. And yetin limitations, but astronomers 
the end it tooklless than alife- and cosmologists do not. When 
time to overturn that whole you look at the center of the 
framework and replace it with Milky Way, you see it as it 
something radteally different was 27,000 years ago, during a 
real answers time when our ancestors were 
“The last few decades have seen Cro-Magnons living in caves 
sweeping changes not only in in Europe. Turn a backyard 
astronomy, butin every scientific telescope on the Virgo Galaxy. 
field from biology and geology to Cluster, and you are looking 
particle physicsand information back almost 66 million years 
theory. Drawing om insights from to the time when an asteroid 
allof those fields and more, we impact ended the 160-million 
hhave traced our own cosmic jour- year reign of the dinosaurs. 
ney back to the beginning of So it goes, all the way back to 
lime. That story doesn'thinge on the birth of the universe ise. 
appeal to authority or interpreta- When we look at the sky's dim 
lion of revealed truth, Thereare microwave glow, we see the uni 
things left to learn, but there are verse as it was 13.8 billion years 
no ghating failures that have to be ago, There is no trick here, no 
swept under the rug, Each chap- twisted meanings. An image of 
leris grounded firmly in hard- the microwave sky is literally a 
won knowledge, wrested from baby picture ofthe cosmos. 
the universe through the potent Last year saw one of the most 
combination of human creativity extraordinary results in the bis 
and the unforgiving standards of tory of science, That result came 
scientific knowledge. not from a powerful new tele 
At this point, a historian scope or high-energy particle 
right raise an eyebrow. “Sure, if accelerator. Instead, it emerged 


FORYOURCONSIDERATION 


from 19 million CPU hours of 
supercomputer time spent doing 
physics calculations 

‘The Illustris Simulation is no 
less than an effort to calculate 
the evolution of the universe 
‘The calculations started with the 
conditions in the early universe 
(remember that baby picture?) 
along with well-understood 
rules like general relativity and 
the physics of star formation 
and evolution. Then comput 
ers turned the erank in cold, 
methodical fashion, following 
What happened over the next I 
billion years. When it was done, 
the computer showed large-scale 
structure much like what we see 
in today's universe and galax 
ies so realistic that even experts 
have trouble telling them apart 
from images of the real thing. 

Here is what we know. Start a 


universe like ours was in the 
beginning. Hydrogen and 
helium will form in an eatly hot 
bath of matter and energy. As 
things cool down in that 
expanding universe, clumps of 
matte will form and ultimately 
collapse under the force of grav- 
ity to form galaxies and large- 
scale structure. Clouds of gas 
‘will collapse to form stars, and 
within those stars nuclear forces 
‘will build new chemical ele 
ments, Stellar winds and explo- 
sions will blow that chemically 
enriched material back into 
interstellar space, As stars con- 
tinue to form, flat rotating disks 
‘wll form around those stars and 
sive birth to planets laden with 
new elements, And on at least 
fone such planet (and probably 
‘many, many more) chemistry 
and the inexorable algorithm of 
evolution will lead to the rise of 


‘Thies fam the sts Simulation 
shows universe tke ouree-<eatedon 
‘hard ev. Blue and purple dark mat 
ferprovdes the framewercen which 
restallofthe aly clusters of he uni- 
‘ese shown herein rian orange 
Bnd surmacsumnnon 


the remarkable phenomenon, 
wwe eal ite 

Woy will all ofthis happen? 
All ofthis will happen because 
physics works! 

Indeed, we live in an 
extraordinary moment in the 
history of our species. Butit 
truly isa moment, a isto 
cal blink of the eye. Cultures 
change more slowly, and this is 
big change! Once we thought 
‘ourselves the products of 
special creation siting at the 
center ofthe universe, Where 
does science get aff trying to 
demote us to insignificant 
specks adrift ina vastness 
beyond comprehension? I ean 
‘understand how some might 
recoil from that thought. 

Tecan understand that reac 
tion, but I do not share i. You 
see, when Took atthe indi 
vidual human mind, I'm blown 
away: Inthe midst ofall we have 
seen, a spark of consciousness 
arose eapable af pondering its 
‘own existence. Remarkable! 

‘The heavens might be a 
place of grandeur, but they are 
not the home of meaning oF 
purpose, That honor resides 
right here, in the thoughts and 
experiences and aspirations of 
each of us 

Tl settle for that any day. 


Sef sea Kyo speak 
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BY BOB BERMAN 


Laser crime and 
punishment 


Safety is paramount with these astronomical tools. 


Inallitle-noticed moment the 
same summer Nixon resigned, 
the National Cash Register 
Company's tes system started 
ata Marsh Supermarket in 
‘Troy, Ohio. On June 26, 1974, 
aL 8:01 At, cashier Sharon, 
Buchanan scanned Clyde 
Dawson's 10-pack of Wrigley’s 
{gum and thus began the bar 
code, The gum (presumably 
tunchewed) and the receipt are 
‘on display in Washington, D.C’s 
Smithsonian Institution National 
‘Museum of American History. 
‘Supermarket lasers, like those 
fn CD players, use about 5 mil 
watts, which is also the legal 
power limit for hand-held devices 
like lecture pointers. Those in 
DVD players use up to 10 mW, 


reen lasers may 
have replaced tele- 
scopes as the most 
‘common item in 
the astro toolkit 
‘Their narrow beatns are perfect 
for pointing out stars. 

But there’ a dark side, 

‘Three years ago, a Northern 
Californian named Sergio 
Rodriguez kept aiming a high- 
powered laser ata police heli- 
ccopler. Result: He was recently 
sentenced to M4 years in prison. 

Of the 17,725 reported US. 
laser strike incidents from 2005, 
through 2013, just 134 arrests 
hhave been made, resulting in 80 
convictions. But enforcement is 


increasing. 

Let's rewind to the beginning 

In 1957, Columbia University 
doctoral student Gordon Gould 
figured out a way to make light 
‘waves march in unison, a pos- 
sibility predicted a half-century 
earlier by Albert Einstein, 
“Two years later, he coined that 
catchy word in his paper: "The 
LASER, Light Amplification 
by Stimulated Emission of 
Radiation.” Bell Labs also was 
furiously trying to make pho 
tons pulse in lockstep and, after 
building the first usable laser in 
1960, began a patent fight that 
‘wasnt fully esalved for 28 years. 
Historians still debate who was 
the lasers inventor 

Nobody foresaw how quickly 
this invention would find its way 
‘nto daily life oF how inexpensive 
{it would soon become. It took a 


while DVD burners require 
100 mW. Lasers in surgery 
employ 30,000 to 100,000 mW, 
meaning 30 to 100 watts, to 
effortlessly cut through flesh 
Everyday 5 mW red lasers 
remain the favorite for pointers 
and cat toys, and are the least 
expensive at afew dollars apiece. 
But they don't create a visible 
bbeatm in the night sky. That's 
because thei linearly polarized 
emissions cant efficiently lumi 
nate airborne dust or tiny water 
drops. Fora visible ray, you need 
a green laser or one of the newer 
blue ones, which are all circularly 
polarized, Because green i per 
ceived far more readily than any 
‘other color, it's the only one that 
can create a visible beam using 


‘mere 14 years for the Universal 
Product Code — with itsblack, 
vvariable-thickness bars — to 
be created and agreed upon, 


my 


DANGEROUS OR NOT, LASERS ARE 
IMPORTANT ASTRONOMY TOOLS. 


VE AT www. Astronomy.comi 


FROM OUR INBOX 


What's your sign? 
T enjoyed reading Stephen James O'Meara's column in the 
‘March issue (p. 1). Tm one ofthe Sagittarians born under 
Ophiuchus (December 16). had been unaware ofthe distine- 
tion and had always considered myself the former. Although 

T never placed any credence inthe pseudo-science of astrol- 
‘ogy there were often believers I'd meet through the years who 
‘would ask, "What's your sign?” As a mailman for 38 years, 1 
‘would playfully answer, “My sign is Beware of Dog’ More 
ecenty, I ike to tease astrologers by answering “Ophiuchus” 
Usually they've never heard of it, and get to explain what that 
smeans, Thanks to you, can show them eopy of your column, 
too! — Gary Cronin Wes a, ew ot 


We welcome your comments at Astronomy Letters P.O. Box 1612, 
Waukesha, W! 53187; or email to letterseastronomy.com. Please 
Include your name, city state, and county, Letters may be edited for 
space and clarity. 


‘be successful. But itis, Results 
provide confirmation of grav 
ity’s stability. They also reveal 
thatthe Moon spirals away from 
us athe rate of 15 inches 3.8 
centimeters) per year. 

‘The past decade has seen, 
«a huge increase inthe sale of 
‘ever more powerful models 
with teen-friendly names like 
Spyder and Krypton. Recently, 
Tried out my friend Matt’ new 
‘green and violet lasers. One 
was a 1,000 mW model —a 
Full wat. I instantly popped 
dark-colored balloons. Fun! 
But imagine what it would do 
to your retina. The mete reflec 
tion is hazardous, especially 
after hitting chrome or 

Without much thought to 
the consequences, some point 
lasers at aircraft. I myself have 
‘been struck while piloting my 
plane at night. No one has yet 
been permanently blinded, but 
‘commercial pilots have beer 
incapacitated for hours 

Bottom line: Please be care- 
ful, We don't want the govern- 
ment banning green lasers. 
Keep beams far from planes 
‘You wouldn't enjoy living in a 
prison, given its light-polluted 
ree yard. 9 


the lawful 5 mW. In bright moon- 
light or in light-polluted cities, a 
bhoosted-up 30 mW green laser 
's desirable fora sharp beam, 
though it cannot legally be ma: 
keted as. pointer 

‘These require prudence, 
While no confirmed retinal dam- 
age from a 5 mW red laser exists, 
the higher power green models 
carry a definite risk to vision. 
But dangerous or not, lasers are 
important astronomy tols, 


‘The Apollo 1, 14, and 15 
crews each left corner cubes on 
the Moon that bounce light back 
toward its source like reflective 
highway signs. The Apollo 15, 
array is particulacy huge and 
effective. Several observatories, 
like New Mexico's APOLLO, 
routinely send laser pulses moon 


ward to precisely measure the 
2¥s-second round-trip travel time. 
Wstricky because even a laser 
beam spreads out. A laser spot on 
the Moon is just aver a mile wide. 
Inthis L8-kilometer circle, only 
‘one laser photon in 30 milion 
‘manages to hit a cube. Then only 
‘one in 30 million ofthe return 
ing photons reaches the detecting 
telescope. You'd think the mod: 
est 2.3 laser couldn't possibly 


Contact me about 
iy strange universe by visiting 
hhttp:/skymanbob.com. 
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STAR STOPPAGE. 
Inhiscomposte 
Image ofthe Teacup 
Galan, red and yelow 
radio data revea ets 
Taunched by the cen 
tal supermassive black 
hole that ae desta. 
Ing the star forming 
3s neath, shown. 
Inblie omeous 


RADIO-FAINT GALAXY SURPRISES 
BY STOPPING STAR FORMATION 


cientists using the Very Large Array 
(VLA) in New Mexico are discover 
ing that a process that can termi 
nate stae-formation activity in rare 
radio-bright galaxies also occurs in their 
less extreme brethren, For years, radio 
astronomers had observed powerful jets of 
‘material from supermassive black holes at 
the center of radio-bright galaxies plowing 
through the surrounding gas and squeleh- 
ing star formation. But no one knew if 
the same situation was occurring in more 
common galaxies as they stopped actively 
producing stars 
‘To find out, a team of astronomers led 
by Chris Harrison of Durham University 
in the United Kingdom hegan studying 
radio-quiet galaxies that appeared to have 
active supermassive black holes at their 


‘centers, 1148041339, also known as the 
‘Teacup Galaxy, provided some insight 
‘The VLA revealed “bubbles” extending 
30,000 to 40,000 light-years from the 
galaxy and jet lke structures loser in, 
lelling astronomers that the Teacup's cen 
tral supermassive black hole is stopping 
star formation in a fashion similar to that 
found in a radio-bright galaxy: 

“This storm’ in the Teacup means 
that the jet-driven process in which a 
black hole is removing or destroying star 
formation material may be muuch more 
typical than we knew before and could 
be a crucial piece in the puzzle of under. 
standing how the galaxies we see around 
us were formed,” Harrison says, His team’s 
study appeared in the February 10 issue of 
‘The Astrophysical Journal. — Kam Ferron 


AVERAGE NUMBER OF CLEAR DAYS IN JUNE 


|=) 
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Mort observers 
tse the clear 


nightsin June 
toobservestar 
lustersand 
nebulae along 
the Milky Way. 
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SUPERNOVA INTHE MAKING 
‘Astronomers sing the European Southern Obseratory's 
Very Large Telescope discovered a wht dwar pal 
dan nse planetary nebula Henze 2-428 The couple 
tit each the so closely hat within 700 millon years 
they wil paint one massive sta tiggring 2 supe 
nova explsion Merging white dwatshave long been 
theoretical eauseoftypeta supernovae, buh isthe st 
time attronomershaveseen sucha pron the aad to 
‘thal desuction Tha study appeared in Nature March 


BATTERED MARS METEORITE 
‘A martin meteor nicknamed ack aauty" gives 
sant 3 chance to study aplece of Mas surface 
up dose. Most such space rocks are hardened vlesnic 
Material but ths one spears tobe uniqual repre 
sentative of Mare crust eontans multiple rock pet 
mashed together by the strain ofthe many impacts 
tata Mars fae andthe racks spectra, according 
search planed Ma 15 nthe Journal ears, matches 
‘tat taken by Mar oriters ofthe plane’ surface, 
SAFETY ZONE 
In paper rm the August 2014 and Febnuary 2015. 
issuer ofthe Publeaion: ofthe Atonomica Society 
of Jepa, astronomers using the Atacama Large 
NilietesubmilimeterAray announced seeing 
organic molecules safely esiing around the supet 
maze blak ole atthe centr f spa gan 77 
Previously scientists thought the vielen ation an 
‘omen around back hales would destroy complex 
tolecules but they instead peat tbe stele by 
dense region of dust and gas.— Korey Haynes 


SHUTDOWN. Nev data fom two Xray observato 
‘les prove that black hole winds are nearly sphencal 

2naSstrong enought blow ga, the fuel of tar forma 
ton, completely out of thalrhost gay wus ac 


A mighty black hole wind 


It’s commonly accepted that supermassive 
black holes emit winds powerful enough to 
blow away thei host galaxys supply of gas, 
shutting down star formation and strongly 
affecting galactic evolution, But observing 
these winds directly is tricky. Researchers 
announced February 19 that they had suc 
‘cessfully used NASA's Nuclear Spectroscopy 
Telescope Array (NUSTAR) and ESA's XMM 
Newton telescope to abserve high- and low: 
energy X-rays, respectively, basting material 
Dut of back hole PDS 456, Together, the two 
telescopes delivered observational proof that 
powerful winds blow in all directions from 
blackholes, with enough force to blow out gas 
and quench star formation. — KM. 
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‘TWINKLE, TWINKLE. British scientists announced plans f 


NASA visits the 
solar system's 
largest asteroid 


“There was no dramatic entry. No high-risk maneuvers oF 
nalk-biting rocket fring, If NASA's Dawn spacecraft missed 
‘nits slow crawl into orbit around the dwar planet Ceres 
early on March 6, engineers would have just tweaked the 
weak thrust ofthe ion engines and tried again. Instead, 
mission managers ay the real drama will be the science 
Unveiled as NASA chronicles the history ofthe largest 
unexplored body in the inner solar system. 

Sincets discovery in 1801, Ceres was known asa 
planet, then an asteroid, and later a dwaf planet, sald 
Dawn Chief Engineer Mare Rayman on the 6th. Now, 
after a journey of 31 billion miles (49 bilion kilometers) 
and 75 years, Daw calls Ceres home" 

‘Ceres — the largest member ofthe main asteroid belt 
— is Dawn's second target. The spacecraft spent 14 
‘months exploring Vesta the second largest asteroid 
‘gether, the pair make up 40 percent ofthe belt's mass. 

Theres of the belt represents a multi-billion year 
record of ollsions however astronomers believe these 
two icy bodies ae protoplanets — the fossilized seeds of 
planets that might have been. Dawn's images of Ceres 
Blkeady imply material moved from the interior onto the 
‘surface relatively recently. Vesta is covered in crates, but 
‘Ceres has lage regions where the surface is smooth, 

Its density implies a mix of rock and ice, but the world's 
exact makeup isa mystery Dawn hopes to explain. The 
European Space Agency'sHerschel spacecraft found 


small satel 
searching for spectral fingerprints of 


ons eres 


r—* 
esta 
aa water | Thin, 


‘Arethesespotsley 
‘copuigns! 


CERES SUCCESS. NASA's Dawn spacecraft reached Cores in 
Naren tit spprosched from the farsde, leaving sles nthe 
darkuntl mid Apr sar cancvsatrsio motes 


evidence of water near the dwarf planet last year, so NASA 
iseagerly seeking plumes streaming off the surface And 
strange bright spots, seen only on Ceres, might have 
already delivered. In taks given at March's Lunar and 
Planetary Science Conference in Houston, Dawn scientists 
said the spots might be the very ie volcanoes they'd hoped 
to find, giving Dawn success upon aval ExkeBate 


SHADOW PLAY. On January 2, the Hubble Space Telescope captured an event only seen once ortwice a decade: thee of lpiter’s 


‘moons crossing the alan planet's ace and casting ther shadows on Its banded surface. In thelmage at eft, showing the beginning of 
‘the tnple-moon trans, brownish Calisto and orange-yellowl revise, lang with the shadows an that of Europa Some 42 rin 
esate fight image yellow-white Europa ha entered the scene at lover let, whe la no longer cst its shadow on upter —K. 


med “Twinkle,” which 


ill analyze the 
water and methane. 


QUICK TAKES 


MOON SUPPLIES 
Lunarydrogen depots — 


possblya sin of water —are 
‘more abundant on south par 
ong cate spas NASAS 
LunarReconnaleance Otter 
found The deposts mght oe 
ay supply wate fue and a 


MAGNETIC STORMS. 
NASA unchedtsfour 
Magnetospheric Mute 
spacecatinNarch to sudy 
magnetic fads connecting 2nd 
disconnecting around Earth 
Such explosive energy rence, 
areinvlved ntechlogy 
dlstuping space weather 


EXPLODING SUNS 
stay of planetary nebulae — 
"Sun ike tarsal tage — 
found water fountain” 
explosions that acura ted 
jars use up thi nua fe 
Teshowes sme une have su 
sing ast asp eruptions. 


DEEP-FRIED ICE CREAM 
Lab test on ce nd organics 
show comet surfaces gt har 
andenstaleon approach to 
the Sun ae catbor containing 
molecules are ejected — sort of 
he deepfredice eam. 


NEW SPACELINER 
The European Space Agency 
launched new spaceplaneto 
‘vance reusable transport. 
‘Gps Tecra climbed 
to mes 20h) andre 
terethe atmosphere, sash- 
Ing down nthe Pace Ocean, 


BLOCKBUSTER FIND 
Vil effects from the movie 
InterelorledtoaFebrary 
paper in ssa and Quatum 
Gravity, The code mapped ight 
beams moving though black 
holes spacetime, showing 
how they would be bentin 
sont of frnmakers camera 
DISAPPEARING DWARF 
TheVery Lage Telescape'snew 
instrument SPHERE fale to 
find suspected brown dvatt 
‘sound VA Tau astange 
binary SPHERES ist scence 
faratronomers ter anew 
theory ofthe odd behav. 


FRONTIER STARS 
eal stonamers found 
eta cher aur glans 
ie — far fom the inner disk 
where mos form. The group 
suspects asupemovabooted 
thestarforming dust and gs, 
svitwas stiped as our galaxy 
skimmed neighbor —E. 
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OBSERVINGBASICS 
Asteroid 
awareness 


Honor the inaugural Asteroid Day by learning t 
about a potential impact, 


facts 


Usout there —an asteroid | damage. According to NASA, 
asbig asa battleship whose one or two of these car-sized 
orbit brings it dangerously bodies hits Earth's atmosphere 
clage to Earth, At some each year. Astronomers esti- 
time inthe future —afew mate those that cross our orbit 

thousand years from now or ‘number in the millions, 

pechaps within your lifetime — ‘While a strike by a 6-mile- 
it's destined to collide with our wide (10 kilometers) asteroid 
planet. Litstrikes land near a can cause global extinction 
large city, millions will perish. (just ask any dinosaur who was 

A touchdown at sea will pro- around 66 million years ago), a 

‘duce tsunamis that would dev- hit by even a small asteroid ean 

astate coastal cities and com: ‘wreak havoc. On June 30, 1908, 

munities. What I describe isn't an asteroid or small comet 

the fanciful scenario of some about 130 fet (40 meters) 

sciidisaster movie. I'safacl- across and traveling ata speed. 

based astronomical prediction. of 3,500 mph (54,000 kas/h) 
The solar system is ittered streaked into the atmosphere, 

with rocky debris, most of exploding some 5 miles (Sk) 

which is pea-sized or smaller. over Tunguska in the Russian 

When one of these cosmic bul- tundra, An energy release 

lelsencounters aur atmosphere, equivalent to as much as a 

it disintegrates harmlessly as thousand times that gener: 

ameteor. Much more rareare ated by the atomic bomb 

fist- to boulder-sized rocks that that destroyed Hiroshima 

produce spectacular, excep- leveled 800 square miles 

tionally bright meteors called (2,000 square km) of forest- 
fireballs. Really large space land. Fortunately, the impact 
racks create bolides, which are site was largely unpopulated. 
fireballs that explode in the ‘More recently, thous 

upper atmosphere (an airburst), Russia was the unlucky recipi 

‘oF super-bolides that reach ent of yet another space rock, 

the ground as meteorites — in this time over an inhabited 

either case causing serious area, AL9:20 a.m, local time 


FROM OUR INBOX 


‘Amazing issue 
ve been subscribing o Astronomy magazine for many years 
and have always considered it the best magazine ever published 
because it has ich useful and interesting articles and infor- 
‘mation, Bt your March issue with the “500 Coolest Things 
about Space” is the best ever! Thanks to your sla for puting t 
together. I's an amazing presentation ofall the wonders ofthe 
universe, — Keith Gunnar, any stn 


Sciatic the astvld heats 
real. Even 2165 foot 0 mete space 
tock could cause regional devastation. 


February 15,2013, an asteroid 
65 feet 20m) in diameter gen- 
erated a brilliant fireball that 
lit up the sky before explod- 
ing 18.4 miles 29.7km) above 
the city of Chelyabinsk. The 
shock wave shattered windows 


for miles in all directions and 
{injured nearly 1,500 people. The 
energy from the blast equaled 
20 to 30 Hiroshima bombs 
Coincidentally, om the same day 
as the Chelyabinsk incident, 
the slightly larger near-Earth 
asteroid 2012 DA,, sped past 
four planet ata distance of 
just 1,200 miles (27,700km), 
Perhaps I should correct my 
‘opening sentence. I isa't out 
there, They're out there! 

Understanding the need to 
discover and monitor asteroids 
that threaten Earth, a group 
of scientists including the UK 
Astronomer Royal Lord Martin 
Rees, astrophysicistQueen gui- 
tarist Brian May, CEO of The 
Planetary Society and "Science 
Guy" Bill Nye, and Apollo 9 
astronaut Rusty Schweickart, 
has promoted the adoption of 
Asteroid Day. Its date, June 30, 
2015, coincides with the anni 
versary of the Tunguska event 
‘The goal of Asteroid Day is to 
educate the world about what 
asteroids are, how frequently 
they impact Earth, and how 
Wwe can protect ourselves from 
potential disasters. Astronomy 
is proud to be among the part 
ners of Asteroid Day. 

Asteroid Day advocates 
aren't being alarmist; they're 


being realistic. As May notes, 
‘We are currently aware af 
less than 1 percent of objects 
‘comparable tothe one that 
impacted at Tunguska, and 
nobody knows when the next 
big one will hit” Nye adds, 
‘Someday humankind will 
Ihave to prevent an asteroid 
impact, The first step toward 
protecting our planet isto find 
and track the swarm of space 
rocks that cross orbits with 
Earth,” For more information 
‘on Asteroid Day 2015, log on 
to wwwasteroidday:org. Also 
be sure to check out Astronomy 
Editor David J. Eicher's Real 
Reality Show video “Why 
Asteroids Should Be Taken 
Seriously” at www.Astronomy. 
‘com/realrealit. 

Much of the work oflocat- 
ing and tracking near-Earth 
objects (NEOs) will be done by 
professional astronomers and 
amateurs with sophisticated 
‘equipment. The rest of us can 
pay homage to Asteroid Day by 
turning our telescopes toward 
‘Ceres, the asteroid {more prop- 
erly, “dwarf planet”) currently 
being visited by the Dawa 
spacecraft 

‘This month, Ceres flirts 
with the 4th-magnitude star 
‘Omega (a) Capricorni. At 
Sth magnitude, the asteroid 
is bright enough to be vis 
ible through the smallest of 
telescopes. To find Ceres, use 
a low-power eyepiece and 
star-hop from Omega to the 
predicted location of Ceres. 
Granted, the minute stellar 
speck you encounter may not 
bbe as visually inspiring asthe 
images currently being sent 
by Dawn, but you might get 
a feeling of awe and wonder 
knowing that a craft from 
Earth is circling it. Whether 
you actively engage in an NEO 
search or simply gaze at Ceres 
from your backyard, havea 
‘great Asteroid Day! 

Questions, comments, 

‘or suggestions? Email me at 
‘gchaplewhotmail.com. Next 
‘ont A look back in time at 
the summer's brightest stars. 
Clear skies! 
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ia's2013 Chelyabinsk fireball source remains 


Telescopes.net 


Lunt Engineering 


Monster black hole found at cosmic dawn 100mm Binoculars 


‘Quasars are the brillantly luminous objects 
we see when intensely heated material 
spirals in toward a supermassive black hole, 
Giving off enormous amaunts of energy. 
Their brightness means they are the mast 
distant, and hence oldest, objects we are 
able to'see in the universe. One newly dis: 
Covered quasar — withthe catchy name 
SDSS J0100+2802 — shines itslight from 
‘nly 900 milion years after the Big Bang, 
with the luminosity of 420 trlion Suns. At 
‘ver 12 lion solar masses, it dwarfs the 
Supermassive black hole atthe center of the 
Milky Way by over 3,000 times. Scientists 
from Peking University announced thei dis: 
covery in the journal Nature on February 26, 
‘Astronomers know from black hale 
observations both near and far that a gal si Mm sl 
axy's growth is intricately connected to the ane, lee ie 
‘rovth ofits central black hole, But itis ‘lack hole mass solar mass) 
Unknown how this relationship might have 
changed over the past 13 billion years.The CRUSHING THE COMPETITION. The mast dant 
newly discovered black hole managed to known quasars ate shown here, plotted by the mate 
Grow to an astonishing size at atime when and brightness. The test covery easly outiarses 


sor00+2002 @ 


oS 


Hands down one of the best 
Giant binoculars in the world 


£D80mm 
by Explore Scientific 


~*~ 


Luminosity (sla hain ty 
TUMBEFA + UAICON =» NEACE = MOORE 


€ 


ENO 


the infant universe. —K.H. Now 
CLOSE CALL. Fan. 
a Astroepble H 
scion tht [3 
F 
The best Finder/220mm Guider by 
Small star brushed Oort Cloud ocecletie 
round 70000yea'sago,2 Simulations show the star impacts iting out lantin H 
knowns Scholz’ Star was” flare-ups, meaning it would be unlikely Telescopes 
Gawbutlcaonims soperantttarvcen "Sst suecthe 5348 Topanga Canyon Blvd. 
galactic plane filled with other ters) across. And in the past, sci- Gaia mission — built to survey Woodland Hills, CA 91364 


DARK MATTER EXTINCTIONS? A 


creased amounts of da 


A suite of spacecraft curently 
Circle and cra across the 
Red Planet, monitoring every 
thing from ts ancient past to 
current weather cycles. Soit 
tame as ashackin 2012 when 
amateur astronomers using 
Felatively small earthbound 
telescopes started reporting 
strange clouds high above 
the martian surface 

‘At east 18 amateur atron 
mers captured the clouds 
Cover the course of 11 Earth 
Says before they vanished 
’A second cycle hit son after. 
Not ane ofthe armada of 
martian spacecraft saw the 
Clouds, but a survey of archi 
val Hubble Space Telescope 


25 years ago 
in Astronomy 
In.une 1990, ef Kanipe 
shored new results om 
the Cosme Background 
Explorer CO8E) which 
adjust discovered the 
remarkably uniform 
temperature ofthe 
‘microwave background, 


10 years ago 
in Astronomy 


In the June 2005 issue 
of Astronomy, Gerry 
Bryne delved deep 
‘int the Sun's frustrat 
ingly unpredictable 
activity cycle, high 
lighting new research 
that scentists hoped 


MARTIAN METEOROLOGY. NASASbew ofnsrumentsmssedthese 
Clos butwatehfl amateur atronomers helped earner clue te 
penomenonsinerplable heights carson nan 


(CORE results were a 
Nobel Prize-winning 


would allow more 
accurate future pre: 


Images showed similar fes 


tures have been recorded to 


inthe past. 

A group of astronomers 
used the recent amateur observations to 
measure the clouds’ height and came up with 
some baffling results. If the scientists mea 
suitements are correct, the clouds climb more 
than 125 miles (200 kilometers, putting them 
firmly inte the ionosphere and exosphere. 
‘That's higher than any feature ever seen on 
Mars, Stanger stil, the clouds morphed over 
the course of abserving sessions. 

“The scientists wrote about ther find in the 
February 26 Nature and sai that ce particles 
— possibly carbon dioxide or water — and 
aurorae might explain the phenomena, but 
both of those possiblities would defy the cur 
rent understanding of Mars atmosphere. The 
plumes rise to twice the height of typical ice 


VENUS 
IN THE EVENING 


From 


Now 13,2011 af ta 


clouds, three times higher than dust storms 
and climb even higher than aurorae. Nothing 
has ever been observed on Mars at this at 
tude before 

‘Another ilfitting alternative would be 
dust, which would have a tough time circulat 
ing s0 high and be mor lily to do so du 
ing the day rather than at night — the only 
time these plumes were see. 

The astronomers noted that strong 
‘magnetic activity has been seen in the same 
region before but added that f these plumes 
re tied to aurorae, their brightness would 
be some 1,000 times greater than the earthly 
version. And solar activity wasn't high 
the time. EB, 


70" north latitude, Venus peaks at 
tude of 27° this May. Itappeared 


somes" higher in March 2012, its only bet- 


erformance in the past five years. 


Asimuth 


BRILLIANT PLANET, How dazzling Venus? Even on a bad day, shins nine times brighter than the night 
sky's brighter tar, Sri But Venue stands out ever mare when t laze against a dark, a wilwhen 


reaches peak alitudein Mays evening sky This char plots the postions of Venas dung spat Tur appar 
tions fran abserer a 40° north tte an hour after unset, tice tat the planes peak tude atten 


doesnt oincida wth ts greatest solar elongation dates highlighted in white roe seme 


accomplishment. dictions. — KH, 


RECONSTRUCTING AN EXPLOSION. 
Datonomers used infrared observations t determine 


the velocity of gas Speed toward the observers 
Indeated in darer blue thoughout Casslopela 
revealing he deal of supernova explosion 340 


year pat» mum 


CT scan ofa 
supernova remnant 


‘Astronomers Dan Milisavjevc of the Harvard: 
‘Smithsonian Center for Astrophysies and Rab 
Fesen of Dartmouth College used infrared 
‘observations to peck into the hidden heart of 
Supernova remnant Cassiopeia A. They found 
8 Swiss cheesed interior comprising about a 
half dozen large bubbles blown by the explod: 
Ing star 340 years ago. Studying these bubbles 
‘an help astronomers understand the complex 
pphysies of a stellar explosion. They published 
their most recent findings inthe January 30 
Issue ofthe journal Science. For more details 
fon their work with Cas A, se their story in 
Astronomy’s October 2014 issue. —K.M. 


16 ASTRONOMY - 1 


SQUAW CREEK ESTATE From grab-and-go 
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SECRETSKY 


BY STEPHEN JAMES O’MEARA 


A 12th-century 
sunspot enigma 


|s this feature observation or decoration? 


January 2015, received were two dark balls below the 
an email from Randall A. orbit ofthe Sun. One, which 
Rosenfeld, archivist for ‘was the lager inthe upper 
the Royal Astronomical part and the othes, which was 
Society of Canada, ask- sivale, in the lower par 

{ng for help from Astronomy 'As Rosenfeld explains in the 

readers. The issue deals with a October 2014 Journal ofthe 

L2th-century rendering of what Royal Astronomical Society of 

‘snow generally accepted as the Canada, the two dark balls 

catliest surviving depiction of were not actualy beneath the 

sunspots. And you may beable Sun, “The Sun was placed in 

to help verify akey aspect of the realm of objects nat subject 

this stylized drawing to change and corruption.” he 

. says. “Spots could not mar the 

Interpretation solar surface by occurring ont 

‘The drawing exstsin a 12th- but they could be sublunary 

century manuscript ofa Latin objects in orbits beneath the 

chronicle attributed to "John Sun seen aga 

of Worcester” who madethe from the Ear 

‘observation December 8, 1128 Te this isthe case, then the 

fiom England, Of t, ie wrote, depictions may be remarkable 
from morning tll the time in that they show a clear dis- 

ot vespers there appeared asi tinction between each spat’ 


COSMIC WORLD 


A Took atthe best and the worst that astronomy and 
“space science have to offer. by Eke Bate 
ca Supernova 


NASMscuteof _Wormewith —-Hubblespotsa_|_AsronatLeland 
dlimatespace- feshiysevered—_cosmiesmiley | Melvin aformer 
crete 2018 headsandtait face Theeyesare | NFLpaje chem 
asthehottet | aresenttothe | twobrighterange | st andenainee, 
yeasncetem. spacestationfor _gulavesandight- | gets online aunes 
Peraturerecords | astonautsto _bendngaraviyin | forsneakinghis 
‘beganin 880, | Sudyorganthegalayuster | rescuedogs nto 
ersoslonly regenertonin forsthesmie, | his NASAportat. 
lowetingthe lst | orb. Some-_provngthateT. | Thosemaybethe 
oftnown habit | where NASA's enstsand unike | only pupswh 
etartike —tafingaroom —hatereepy face | anaccurste aw 
Blnetsiniss fulloFlOyear —onMarswantsus | ofther owners 

than oe oldboys. Tobehapry. | awesomeness 
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tumbra (the dark inner part) and 
penumbra (the light outer 
region) — namely, they appear 
as black bas surrounded by 
concentric red circles; each 
outer circle is stylized. 

‘While we can interpret the 
colored circles surrounding the 
black spots as penumbral 
regions, Rosenfeld says, other 
alternatives exist: They could be 
mere decorative features typical 
of Lath-century iconography 
their representations also could 
be decorative features that carry 


observational information, 
“The problem is that the 
visual conventions of the artist 


are not our visual convention: 
Rosenfeld explains, “and the 
rarity of the image, and the 
paucity of mid-12th-century 
solar cartographic legends set 
tus ata distdvantage. The pas 
sage of nine centuries is hard to 


A visual challenge 
Rosenfeld wonders iis pos- 
Sbleto clear detec the dite. 
ence berwees peanabeal and 
ttnbral eons of ret sun 
spots when ebserving with the 
raked eye itably protected) 
or by pinhole ar othe forms of 
projection. And tha be is atk 
ing ust lp. 

Today, people often sce 
ruked-ee sunspots heough 
Sat optical filters, Occasionally, 
a pesin in Ghcrees ainnet 
when fog haze or ole sken 
‘phere contaminants grealy 
reduce our star's glare, partcu- 
Try near sunset 

na 1992 Quarterly Journal 
ofthe Royal Astronomical 


Is this the east surviving 
Theta of sunspots? Ts 
carefully executed setchisa 
{py ofthe orginal ilustaton 
Thecopyit weds aul pen 
andexecuted the daningion 
bow parchment neous 


Society, H. U, Keller Zurich 
Observatory) and T. K, Friedl 
(Sun Observer Group of Swiss 
Astronomical Society) reported 
‘on sunspot sightings based on 
‘observations of naked-eye spots 
from 20 observers 

‘They determined that an 
average eye ean see a sunspot 
with a penuumbral diameter of 
atleast 41 arcseconds and an 
uumbral diameter of at least 15, 
arcseconds. However, the 
authors also say, "The observ- 
cers themselves were, of course, 
notable to distinguish between 
uumbra and penumbra 

But the absence of evidence 
is not evidence of absence. How 
many of those same observers 
would have seen penumbral 
shadings had they been asked 
to look? Also, were any of the 
‘observed spots parts of exceed- 
ingly large groups? 

Rosenfeld considers the pos: 
sibility of detecting penumbrae 
‘va pinhole projection because 
pinhole cameras in medieval 
Europe survived from the cen- 
tury after John of Worcester 
and from earlier in the Middle 
East. “There may very well bea 
medieval aecount which may 
suggest that solar surface detail 
(a very prominent sunspot) was 
detectable by means ofa pin- 
hole camera,” Rosenfeld says 

Rosenfeld is eager to hear 
What you have to report based 
‘on your observations and espe- 
cially welcomes what you see 
when you use pinhole projec- 
tion, You can contaet Rosenfeld 
at rosenfel@chass.utoronto.ca, 
and be sure to copy me at 
sjomeara31@gmail.com. @ 
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NexStar Evolution 6 WiFi Telescope 
Celestron’s signature telescopes reach a new level with 
NexStar Evolution 6, the first Schmidt-Cassegrain telescope 
with a built-in Wi-Fi connection and integrated long-life lithium 
battery. Leave your hand control behind and slew to all the 
best celestial objects with a tap of your smartphone or tablet. 


Retail value: $1,199.00 
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ina whole new way using are the ideal choice for telescope featuring a Reoeive 12 exciting issues 
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ENTER TODAY! HURRY! 


Enter online at Astronomy.com/Sweeps 
Or fill out and mail the attached card. 
See page 69 for Official Sweepstakes rules. 


Entries must be postmarked by July 24, 2015. 


Sponsored by: 


@cetesrrow Astronomy. 


WHAT HAVE WE DISCOVERED ABOUT 
INTERMEDIATE-MASS BLACK HOLES? 


Astronomers have found supermassive black 
holes weighing billion times more than the 
Sun at the center of galaxies when the universe 
was only 800 million years old. We know that 
these starving black holes 
heats up and emits X-rays, while highly ener 
_getic particles emitting radio waves are ejected 
from the innermost regions ofthe black hole 
in the form of collimated jets. However, hove 
these monsters have reached their mass and 
become so powerful already in the early uni- 
verse stil puzzles astronomers. One possibil: 
ity is that they grow from seed black holes of 
lover mass, so-called intermediate-mass black, 
holes (IMBH), weighing a thousand times 
more than the Sun but thousand times less 
than supermassive black holes, 

IMBHs have been long sought as the miss- 
ing link between stellar-mass black holes, 
formed from the death of a star and super- 
massive black holes; nevertheless, observa- 


the material feeds 


tional evidence for their existence remains 


BY KARRI FERRON 


scant. Thanks to combined 
X-ray and radio observations, 
Wwe have discovered an IMBH. 
‘of 50,000 solar masses wander: 
ing in the arm ofa spiral galaxy. The galaxy 
seems to have undergone a merger with 
another galaxy of lower mass, suggesting that 
the IMBH is the nucleus of the dwarf galaxy 
whose body has been stripped off during the 
collision, The IMBH has a radio jet as power 
ful as those observed in supermassive black 
holes, which are able to clear outa cavity and 
suppress star formation, 

‘We have thus learned thatthe spiral arms 
of galaxies, especially those undergoing a 
merger with a low-mass galaxy, are great 
places to search forthe seed IMBHSs from 
Which supermassive blick holes may form, 
Ultimately, these IMBHs can have a large 
impact on their surroundings, as supermassive 
black holes do, which has strong implications 
for studies of supermassive black hole growth, 


Some versionof the magnitude system 
for stellar brightness has been in use for 
‘more than 2,000 years. British astrono- 
‘met Norman Pogson standardized the 
‘magnitude definitions in 1856. 


Star 
Magnitude 60 
Tet 


Spica 
Magaltude 1.0 


Venus 
Magnitude 4.6 


“DESPECKLED" DATA. Thi before-and-after image shows Cat 
radar data of Tia’ surface with ight) and without an algorithm applied 
to mediy electronic nie. ws 


Titan comes in clearer than ever 


Due to Titan's thick atmosphere scientists have used the Cassini 
spacecraft's radar instrument to reveal the saturnian moon's sur 
face features. The esting mages have provided insights into the 
large satelite’ sand dunes and methane lakes, but they stil hide 
small-scale features because with radar comes image “noise 

But thanks toa new image-processing algorithm, some views 
are coming in clearer than ever as NASA announced February 1. 
Antoine Lucas, a planetary geophysicist at CEA-Saclay in France 
\who worked with the Cassini ada team as postdoc, [odked 
to the mathematics community for models to reduce the grainy 
appearance and came up with despeclling” which successfully 
‘modifies the noise without compromising the data 

‘The clearer images will provide Cassini scientists with fresh 
views of surface features, but “despeckling” won't be used on all 


Full Moon 
Magnitude 127 
‘jomlion @ 


FIREFLY. Magntudes can be cific to understand. An increase of magntude means 
22511885 fold inreasein brightness. Ths chat shows 3 magnitude 60 star represented 
byasingle ff. Asta 5 magnitudes brighter, ke Spica would be 10 times 5 luminous 
uch brighter objects ike Venu nd the Full Moon, reflect far moe ight than any tar 
produces because they le doser car wows nnch wae 
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images ust yet.“ takes alot of computation, and a the moment 
quite abit of fine-tuning’ to get the best results with each new 
Image," says radar team member Randy Kirk ofthe US. Geological 
Survey, 30 for now wel ikely be despeckling only the most 
important — or most puzzling — images" — KF 


STRONEW: 


SPACE SCIENCE UPDATE 


NASA GREEN- 
LIGHTS EUROPA 
FLYBY MISSION 


Atlong last, NASA is poised to explore a 
‘world heralded asthe miost habitable non- 
Earth in the solar system. The White 
House and Congress have approved funds 
to develop the Europa Clipper, which 
could take off far Jupiter as soon as 2022 
And unlike past plans to study the moon, 
scientists say this mission appears likely to stick, 

"NASA has been very vocal thal we're going to 
do a Europa mission,” says Europa Clipper pre 
project manager Barry Goldstein of NASA‘ Jet 
Propulsion Laboratory (JPL). "Were very conti 
dent that we should achieve formal project status 
before the end ofthe fiscal yeas 

‘The mission passed a critical “gateway” concept 
review in Seplember, and in February, Congress 
slated more than $100 million for development, 
large increase aver the president’ request, which 
itself formalized crucial executive branch support. 

Astronomers first dreamed of this trip when. 
Voyager 2 saw evidence of Europa's icy shell in 
1979. And when Galileo became the first space 
craft to circle Jupiter in 1995, is eight-year, 
35-orbit mission chronicled a dynamic world that 
{ignited the imaginations of scientists and the pub- 
Licalike. Europs is now widely expected — but yet 
tobe confirmed — to have a global subsurface 
‘ocean, home to more liquid water than Earth, 

And in decadal surveys since Galileo, the 
planetary science community has agreed on the 
importance of a mission to orbit Europa. But 
that hasn't translated into a spacecraft 

Europa’ orbit sts some 400,000 miles (644,000 
kilometers) fom the largest planet inthe solar 
system — just over twice as far away as the Moon 
4s from Earth. Any ship placed that close to 
Jupiter needs radiation shielding to withstand 
high-energy electrons traveling at near light 
speed. The price tag for such an orbiter would 
approach $5 billion likely an impossible sum in 
the current fiscal environment. 


NASA asked scientists for alternatives, and 
they foun several, including one that seizes on 
something the agency had already mastered: 
studying the moons of Saturn 

JPL’ Brent Buffington helped calculate a space 
craft trajectory for Cassini’s extended Saturn mis- 
sion, Is lst seven years and 155 orbits use scant 
fuel to make daredevil flybys, exploring Encela 
dus’ hydrothermal vents and Titan's rainfall 


BBRINY DEEP. Arp to Europa might confirm water plumes seen by 
‘the Hubble Space Telescope and explain the moons reddish ‘chaos ter 
‘an hich some interpreta materials — posbly organi — mixing 
fom beneath the surface ws 


Buffington worked the same magic on the 
Europa flyby spacecraft design. His trajectories 
proved Clipper could image the entire moon and 


‘come in cheaper with better science, 
The moon was divided into I regions, which 
would each need imaging overlap for a global 
rap. Some regions of Europa stil have only been 
seen by Voyager, and one single 6-meter-per- 
pixel image holds the high-resolution record. By 
zipping within 60 miles (100km) during at least 
45 flybys, NASA will nab pictures comparable 10 


the current Mats Reconnaissance Orbiter's 
(0.5-meter-per-pixel resolution, 
‘We have an architecture that is much better 

tuned for & mission of discovery” Goldstein 
says. "We'e able to observe Europa from afar, 
and if we see a plume while we're far out, we can, 
adjust our flyby 

So far, launch vehicle isn't set, but 
Goldstein's team hopes to se it fly on the mas 
sive Space Launch System, which could go 
straight to Jupiter without the gravitational 
‘off the trip and possibly allow spare room for 


assistance of flybys, That would shave 6 


riore scientific instruments, including CubeSats. 
nnfirming Europa's plumes picked up by the 
Hubble Space Telescope will be a key goal, Ifthe 


rigon has volcanism like its neighbor To, seafloor 
vents similar to Earth's could create chemical 
reductants. While on the surface, radiation would 
separate hydrogen and oxygen from the water, 
creating oxidants, Mixing the two might give the 
chemical energy needed asa battery for life. 

‘We're learning more about these icy bodies 
— how they interact gravitationally and how 
they can create environments,” says Europa 
Clipper pre-project deputy project scientist 
David Senske of JPL. "Europa is really much 
larger it's the size of our Moon and has the 
ability to sustain a liquid for a good chunk of 
solar system history. The thought is if these 
ingredients are there, maybe some form of life 
has evolved.” —e.8, 


SIBLING STARS. An att usrates 
‘the stl nursery in Barnard ast 
appests now eft andhow itl 
Sppear after the family of tars turns 
‘on ut before one unlucky member's 
ected, 


Lessons in 
multiple star 
formation 


[Astconomers are learning impor 
tant lessons in how multiple star 
systems — the mast common 
type — form. Scientists used 
radio data from the Very Large 
‘Array in New Mexico and the 
‘Green Bank Telescope in West 
Virginia to peer inside a lump of 
‘ga called Barnard 5, where one 
protostat was already known to 
‘exis. They found fragmenting 
filaments f gas, all gravitationally 
bound to each other in the pro: 
ess of collapsing down to form 
three adltional stars. While fs 
‘easy to find mature multistar sys 
tems, this is the ist ime such a 
stellar nursery has been observed, 
so clearly on that path. Based on 
the gas clumps’ dynamics, the 
astronomers predic that one of 
the stats will eventually be eect 
ed, leaving behind a triple star 
system. The international research 
team published their findings in 
Nature on February 12 

(nthe same day, scientists at 
the Harvard-Smithsonian Center 
for Astrophysics announced that a 
less common type of system also 
has been spotted in the making 
an extreme mass ratio binary, 
‘where one stain a paris signif. 
‘cantly heftier than ts partner. The 
‘astronomers spotted 18-systems 
in the fleeting situation where 
the mare massive star which can: 
tract faster because ofits greater 
‘gravitational pull has “turned, 
‘on while ts lighter partners 
stlin the process of collapsing 
‘The smaller protostais puffy 
and reflects light from its mature 
partner star, revealing phases from 
Certain viewing angles. This rare 
Situation lets astronomers observe 
cial stage instar formation, 
Yielding valuable details about 
how stars are born, — KH. 


What's new at Astror 
BY KARRI FERRON 


_~. 50 Weirdest Objects 


(=)_])) Cosmic oddities with Bob Berman 


COW winether relatively close ta hame arbilions of light years from 
tus, the cosmos is filed with weird and wacky wonders. After 
all. as Contributing Editor Bob Berman aptly demonstrates each month in 
‘Astronomy, we really do live ina strange universe 

‘And now magazine subscribers can fellow Berman's 
countdown ofthe 50 strangest and most fascnat 
Ing oddities he's come to knaw aver the years Each 
week at www-Astronomy.com/SOweirdest, find 2 
‘new object that Berman believes should be inducted 
Into the "Cosmic Hall of Weird” starting at No. SD and 
‘counting down to No.1 by the end ofthe year. What 
willbe the strangest? 

Throughout the year, magazine subscribers will 
{get to tour everything from the coldest place in 
space and some planetary wannabes to invisible par 
ticles and dark galaxies. Be sure to follow Astronomy 
fn Facebook and Twitter for updates on when we publish each new mini 
‘guide along with ot af athe fun stuf) and bookmark wwww.Astronomy. 
com/SOweirdest to take partin the year ofthe weird. But remember, the 
‘online version of Bab Berman's 50 Weirdest Objects inthe Cosmos is only 
available to magazine subscribers Join the countdown and receive in-depth 
articles and tips delivered directly to your 
{door as well as other great online features 
by subscribing to Astranomy. lst vst 
wwrw.Astronomy.com/subscribe 


FOLLOW 
ASTRONOMY 


com, 


‘ovr twittercom/ 
etronomyhlag 


REGISTER TODAY! Go to www Astronomy.com/register 
for access to bonus articles, photos, videos, and more. 


Observing Basics video series 

Senior Editor Michael E. Bakch has logged tens of thousands of hours at 
the eyepiece, and with his Observing Basics vdeo series, he's sharing tips 
with you. n each episode, Bakich tackles atopic based on frequent ques 
tions he receives from readers, covering everything from choosing the right 
[equipment to tips for dealing with dev and how to prevent eye fatigue and 
Improve dark adaption, Beginners and advanced observers alike, check out 
allthe episodes at www.Astronomy.com/observingbasics. 


COMMUNITY 


Reader Photo Gallery 

Browse thousands of beautiful astroimages 
lke this one of Comet Lovejoy (/2014 Q2) 
by Jahn Vermette. Submit your own at 
www Astronomy.com/readergallery 


Dave's Universe blog 
‘Astronomy Ector David cher shares amazing astrophotos, takes you 
along on tips, provides info his favre topics ora recent scenic pet 
peeve, and much more a www.Astronomy.com/davesuniverse. 


vw facebook com 
Astronomybagazine 


plus. google com! 
"astonomymagazine 


‘Simplify your CCD imaging 


4)  Astrodon’ seren.com 
* ) 
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Take advantage of all the online 
features Astronomy has to offe! 


Visit www.Astronomy.corh/join 
to learn more! “ 


enjoyed owning anything more 
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‘The Quad Element Neo Achromatic Design of the NA140SS incorporates a two element objective lens and an additional optical 
correction with 2 elements, including a field flattener, inthe drawtube . This combination results in edge to edge sharpness, 
bright images, and ED like color correction. The NA140S (95.7) is 100% Made in Japan and covered by a5 Year Warranty. 
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The only person 
to fly to the Moon 
twice but never trod 
its surface has some 
amazing stories to 
tell. by Richard Talcott 


In today’s celebrity-obsessed culture, the word hero 
gets bandied about far too often. But what other term would you use to describe 
astronaut James Lovell? A veteran of four spaceflights, his accomplishments paved 
the way for the first Moon landing and helped define NASA's can-do attitude. 

In December 1965, he and Frank Borman flew on Gemini 7, where they per- 
formed the first rendezvous with another manned spacecraft (Gemini 6A). In 
November 1966, he teamed with Buzz Aldrin on Gemini 12, the final mission of 
the Gemini program. But Lovell’s main claim to fame came during the subsequent 
Apollo program, He served as the command module pilot on Apollo 8 — the first, 
manned spacecraft to leave Earth's gravity and orbit the Moon. And he was com- 
mander on Apollo 13, which suffered a crippling explosion on its way to the Moon, 
and barely made it safely back to Earth. 

Recently, Astronomy Editor David J, Eicher and I interviewed Captain Lovell 
about his Apollo missions at Lovell’s of Lake Forest, his restaurant in suburban 
Chicago. At 86, he remains every bit as sharp and entertaining as he was during 
his NASA days, when astronauts were this country’s true heroes, 


sero seen 


hhad to be repaited before he could fly, so 
replaced Mike on Apollo 8, and he took 
my spot on Apollo 11 


ASTRONOMY: Thanks, Captain Lovell, we_j Apollo 11 liftoff, he said, “You know, 
Certainly appreciate your being here today | Apollo 8 was almost like my flight across 
and having this interview with us. Apollo | the Atlantic [because of] the long distance 
was the fist of many missions that went | — all Apollo 1! had todo was land.” 
tothe Moon, and you did alot of things for | 
the first time. Did ithelp with your comfort | ASTRONOMY: Your Apollo mission origi- 
level to have Frank Borman with you, since nally was planned to test the lunar module | LOVELL: No, that’ exactly right, Because 
you had flown with him earlier? Earth orbit, but delays inthe lunar mod- | on Apollo 1, { would have been the com: 
LOVELL: Yes, Frankand! flew for two | ule program changed those plans. How | mand module plot, orbiting again, Being 
‘weeks on Gemini 7, in a small litle con- | lucky did you feel that the mission order | the first to goto the Moon on Apollo 8, 
tainer called the Gemini. Some people call | changed so that you were able to be on | that was something I realy enjoyed 
ittwo weeks inthe men’s room. was par- | the fis flight to the Moon? 
ticularly happy to be on [Apollo 8] because | LOVELL: Well,1 was prety happy. Thad | ASTRONOMY: What were your thoughts 
it was the fest time that we'd navigated | alzeady been up twice, and this Would have | when you became the frst people to leave 
the entire 240,000 miles [385,000 kilo- | been three times to go around again doing | Earth's gravity behind? 
meters] tothe Moon. When Iwas with | about the same thing. Iwas the command | LOVELL: It was a unique feeling in many 
Charles Lindbergh on the beach watching | module pilot, so | would have been inthe | respects, First ofall, we were like three 
command module, not in the lunar mod- | school kids looking down on th faside 
tle. Asa matter of fact, started out being. | ofthe Moon when we first went around 
on the Apollo 11 flight and Mike Collins | there. The ground was tracking us at this 
| was on Apollo 8. He had neck injury that time, and they sad tha at such and such 


ASTRONOMY: | take it you weren't neces- 
sarily disappointed with that? 


i 
| 
i 
| 
| 
| 
| 
| 


| 
i 
| 
| 


Senior Editor Richard Taleott watched with 
‘rapt atention as Jim Lovell vce journeyed to 
the Moon and back during the Apollo program. 
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fortunate 

we all are to 
have a spot 
like that to go 
back to, and 
hopefully, we 
can make it 
back home.” 


Earth rises over the Moon's limb as Apollo B comes out from behind the Moon on its fourth orbit. The 


lunar horizon lay approximately 485 mils (780 kilometers) from the spacecraft when| 


‘captured thisiconie scene, ns 


atime, down to the second, you'll lose 
‘communication with us. BY gosh, right on 
the second, we whipped around the far 
side and lost communication. You know 
the Moon has three different shades. In 
sunlight, is quite bright; in earthshine, it 
looks like snow outside at nighttime here 
‘on Earth; and then there's the part that 
has no earthshine, no sunshine — you 
dont see a thing. And that’s the only time 
when all the stars came out 


How were your prepara- 
tions for Apollo 8? Did they prepare you 
for what you actually saw at the Moon, 

‘or was it totally different from what you 
‘were expecting? 

LOVELL: Well, when we got word that we 
weren't going to do Earth orbit on Apollo 8 
but go to the Moon, we had to change a lot 
of things — navigation was the big thing, 
The training was very good; there was 
nothing, I would say, that was a complete 
surprise to us, 

The big surprise is the Earth — its not a 
surprise that we thought we'e going to see 
something else — but just suddenly look: 
ing at it and seeing it asa small body that 
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Wanders 


you can completely hide behind your 
thumb. You're only 240,000 miles away, but 
everything that you have ever known is 
behind your thumb — all the history of the 
Earth and all the people you knew and all, 
the problems. It is merely a small body 
that’s orbiting a rather normal star, and it 
just happens to be at the proper distance 
With proper mass to support life 

And then I thought how insignificant 
we really all are. The Sun itself is tucked 
away in the outer edge of a galaxy called 
the Milky Way, and that’s only one of 
millions of galaxies in the universe. And 
here's this little body sitting out there 
240,000 miles away, and I thought, “Boy, 
how fortunate we al are to have a spot like 
that to go back to, and hopefully, we can 
make it back home.” 


When you read from the 
book of Genesis on Christmas Eve, was that 
a joint decision among all three of you, or 
did one of you come up with that idea? 
LOVELL: ‘That’ kind of interesting. When 
we were planning our trajectory, all of 

a sudden it dawned on us that the day 

we were shooting to take off, on the 2Ist 


of December, we would be orbiting the 
‘Moon on Christmas Eve. We decided, gee, 
it’s going to be Christmas, what can we 
say? We've got to think about something 
to say. So we thought, well how about 
changing the words to "The Night Before 
Christmas”? That didn't sound too good. 
(Or how about “Jingle Bells"? No, that was 
even worse. So we were at an impasse 

We knew a friend who said, “I know a 
‘newspaper reporter, and they usually have 
a gift of gab about writing things like this. 
Task him” The story I got was that he 
spent one night trying to figure out what 
these three people should say. Around 
‘midnight, his wife came down the stairs 
and said, "What are you doing?” And he 
told her the story that he was writing this 
thing for the Apollo 8 crew, but he hada’t 
really come up with anything yet. And she 
said, "Thats simple — why don they read 
from the Old Testament, the first 10 verses 
of Genesis? I mean, it's an emotional time, 
sort of a holy time, but the first 10 verses 
of Genesis is the structure of most of the 
world’s religions.” So that’s what we did 
‘Wrote it down and put it on fireproof 
paper, and it was put in the back of the 
fight manual, That original flight manual 
and those words are now dawn at the Adler 
Planetarium [in Chicago}. 


When you were on the 
farside of the Moon and getting ready to 
come back, did you have any concerns. 
about the rocket firing? 

LOVELL: I don't think anyone who 
‘makes these Apollo flights thinks about 
that racket not firing. Of course, we were 
the first ones there. On the ninth orbit, 
we did Genesis and things like that and 
talked about the Moon, But on the 10th 
‘one, we wanted to make sure everything 
was ready. We called back [to Houston 
and asked for] some good words about 
hat they thought we should put in the 
computer, exactly when we should fire the 
rocket, and the whole thing. And when 
we were on the farside, Mission Control 
never knew if it fired or didn’t fire until 
‘we got around to the neatside. Of course, 


if it didn’t fire, we'd still be in lunar orbit. 
It fired absolutely perfectly, right where 
it should, And I said to Mission Control: 


“Houston, please be informed — there is 


a Santa Claus.” 


You mentioned a little bit 
earlier about seeing Earth rise as you were 
going around the Moon. Did you have any 
idea after you got back how iconic that 
image would become and that it’s been 
called one of the great images in the his- 
tory of mankind? 


Jim Lovell poses for his formal Apollo 13 p 
trait four months before the April 1970 mission, 
‘The mission's destination target — the lunar 
crater Fra Mauro — sts near the center of the 
‘Moon globe. se 


LOVELL: When the Earth drifted over 
to my window and I looked at it — Bill 
[Anders} was the photographer — and saw 
the composition of the Earth with respect, 
to the lunar horizon, | said, “Bil, this is 

it, This isthe picture.” He had a telephoto 
lens on the camera, so that brought the 
Earth closes, where it was more pro- 
nounced and made it actually a much bet 
ter composition, | think. We took lots of 
pictures, and we didn't know what picture 
NASA would actually release — whether 
the pictures of the Moon on the farside or 
the Earth in various places. It turns out 
that ["Earthrise"| was a great picture 


Now we'll switch gears and 
discuss your next 1 Could you talk 
about how the objectives of Apollo 13 dif- 
fered from those of Apollo 11? 

LOVELL: Apollo 13 was actually going 
to be the first scientific Apollo flight. If 
you remember, there was a great space 
race between the Russians and ourselves. 
It started out in 1961 when Kennedy said 
we'd put a man on the Moon. This was 
‘technical challenge, not so much of a 
scientific expedition. So 11 was success 
ful. And just to prove that we could do it, 
because there were a lot of people in this. 
country after Apollo 11 landed that said 
we faked it in West Texas someplace, we 
did Apollo 12. And it was successful — 
they landed within walking distance of 
the Surveyor [3] spacecraft. So these were 


THE CASE 
FOR MOUNT 
MARILYN 


‘would, tell us ali 
about the intriguing story 
‘of Mount Marilyn. 

LOVELL: When we were plan- 
‘ing to go to the Moon on 
Apollo 8, we were looking at 
lunar charts And we save 
some of the neatside features 
the area that we were 
doing to fly over. And there 
asa little triangular moun: 
tain down there just on the 
shore of the Sea of Tranquility 
and looked att and looked 
itup to-see fithad a name to 
‘tthad no name tot. The 
crater [abutting it) had a name; 
‘twas called Secchi Theta. But 
the mountain itself had no 
‘name, And s0 | said to Bill and 
to Frank:"Ithinkm going to 
‘name this Mount Mari, 
[after my wife)" And we can 
use it as sort ofan initial point 
(a landmark that future crews 
could use a they began their 
final approaches for our fight 
to see fit would be good for 
Apollo 10 and Apollo 1. And 
fon the fight, we found out 
that itwas very good. We saw 
‘town there and mentioned 
ton Apollo 8. When we got 
back, we talked to the crews 
that were going to be on 
Apollo 10 and 1, [which 


would be following] the same 
trajectory, and they said “Yes, 
that's good spot. Weill use 
that as an inital point” 

Soit's in the [communica- 
tions on) both oftheir fights, 
and thea we sort of forgot 
aboutit fora long time. kept 
referencing it sometimes, and 
Mount Marilyn got into the lit 
erature alittle bit. It was in the 
‘movie Apollo 13. And finaly | 
thought to myself, we've made 
six landings on the nearside of 
the Moon, but there's nothing 
there to lookat to represent 
those landings. Now [more 
recently], we have good pho- 
tography on the farside, so 
the AU (the International 
Astronomical Union — the 
offical arbiter in naming solar 
system features] made alot 
of new crater names of the 


‘The triangular-shaped "Mount Marilyn” served asa point of refer- 
‘ence for astronauts on both 
“mapped this oblique view d 


pollo 10and 11. The Apollo 10 crew 
its May 1969 mission. ns 


people who werein the pro- 
‘gram. But on the nearside, 
after sc landings, there's noth- 
ing-So why don't we officially 
look at Mount Marilyn as the 
‘one thing that we can see from 
the Earth with a regular old 
telescope asthe initial point 
forthe first landing? I tried to 
‘get alittle program going, and 
there were lots of people that 
‘were very interested. But the 
TAU, of course, says No” 


This name has 
been used systematically for 
decades now. It's high time 
to make it official. 

LOVELL: hope so, and! 
hope the IAU reconsiders our 
request to do something for 
this thing that represents all 
the people and our efforts 10 
land on the Moan, 


all really to prove the technology of going 
to the Moon and coming back. 

By the time Apollo 13 came around, 
we realized that we better start looking 
at getting the science in the Apollo pro- 
gram, We were designated to land around 
a cater called Fra Mauro because [lunar 
scientists} thought that maybe there's ejecta 
Ithere that was dug out by big meteorite 
Impacts]. We did a lot of geology fieldwork, 


it says “Ex Luna, Scientia” [From the Moon, 
knowledge] — that was the whole point 
of that mission, 


| of Apollo 13, and how did you fee heading 
to the Moon fora second time? 

LOVELL: 1 was alot more comfortable for 

| the liftoff on 13. 1had two rookies with 

| me; this was their first time. Occasionally, 

| they would ook at me, and | would tll 

| them what chat nse was — when the 


| and, ifyou look atthe insignia of Apollo 13, | 


Canyou describe the liftoff _ 


valves opened up and the fuel started 
running down toward the main engine, 
you could hear that rumble, I was very 
comfortable on 13 because I knew what to 
expect, up until the second stage engine 
shut down [about two minutes early. We 
wondered whether we had enough fuel to 
goal the way tothe Moon, but we did 


This was your second trip 
tothe Moon, your fourth flight 
overall. Were you used to the: 
sounds, the smells, and how the stars 
| appeared? Was ita familiar experience 
| for you? 
LOVELL: Yeah, to me, it was very famil- 
iat, They all came back, even the smells. 
| There was no problem, Of course, when 
we got off the free-return course [a mid: 
course correction required to change the 
| trajectory for the upcoming lunar land- 
+ ing], that kind of worried us a little bit 
because that put us in a position whereby 
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we didn't know exactly what the problem 
was back there — did wellose two oxygen vered with this mass attached to it I's 
anks or did we justlose one? When we | about a 60,000-pound [27,000 kilograms] 
sav that two fuel cells had died and, of | dead mass that put the center of gravity 
Course, when we lst the arygen, we then | way out in left eld someplace. With the 
knew the other fuel cell was going to die 
because it uses oxygen and hydrogen to 
produce electricity and wate. 
That put us in a very tight spot. We 
| were 99 hours and about 200,000 miles 
| from home. And our lunar module, whch 
| was eventually used as a lifeboat to get 
home, was designed to only lat 45 hours 
| and support two people. Counting the crew 
— there were three people there. 


lunar module been designed to be maneu- 


| way the attitude jets were on the lunar 

| module, [fring them) gave us a false move 
‘ent. Put us someplace else. So, Lad to 
learn to maneuver all over again. {had to 
know that when I maneuvered the handle 
somehow, what would happen to get me 
back into proper position 


ASTRONOMY: It was really an experi- 
‘mental process. 

| LOVELL: Quick learning 

‘Anoxygen tank exploded during Apollo 13's ASTRONOMY: What was it ike using the 

flight tothe Moon and left the craft crippled. The | lunar module for propulsion and maneu- 
Sia len aya ene pana on te eve | vering? The craft as in an unprecedant- 
snscle: coun bereatiat te Sitiae | edly tricky operation, wasit not? | you to test plans for a return. You were 
‘sonedthemodulejustbeforereentryss | L OVELL: ‘The lunar module had never __| working on the immediate crisis, and they 


i 

i 

| 

| 

| 

| 

| 

| 

i 

i 

| 

| 

| ASTRONOMY: Mission Control frantically 

| 
| | 
| been used [for this purpose]. It had been | were contemplating and communicating 
| 

| 

| 

| 

i 

| 

| 

| 

| 

| 

| 

| 

| 

| 


worked on plans and communicated with 


wwe woulda’ be able to get back toasafe | studied to use this technigue but never | with you. What was the dynamic talking 
landing on the Earth But wehad todo | had realy been simulated. Of course, | to them and working through iin that 
that to get the Sun in the proper postion | we're happy we had it. ithad the landing | first period? 
[for lunar orbit so we could see the shad- | engine on it, had its own fuel its own oxy- | LOVELL: Well at the beginning, it was 
‘ows ofthe rocks and boulders on the lunar very close. The one thing that we always 
Surface. Because there is no atmosphere had was the radio. And [Mission Contoll 
6 the Moon, if you look straight down were the ones that got us back on the 
at noontime, tall washes out. You don't free-retuen course while we were tll 
Sseeanything. You had to have shadows to masried together with the two spacecraft 
seta good perspective — a 3-D picture of They were also involved with the speed- 
‘where you're going up. When we found out where we were, 
how much time we had to get home, we 
realized that we would not have enough 
electrical power to go around the Moon 


igen — to last 45 hours and to support two 
| people. The one thing we ran into was the 

fact that it was attached to the command/ 
service module, The command module 
had the only heat shield that would get us 
through the atmosphere of the Earth after 
we would jettison everything else 

We found out when we tried to maneu- 

ver using the lunar module's control sys- 
tems that we had not figured nor had the 


ASTRONOMY: Can you describe the 
moment that you heard, in your words, 
ahiss-bang explosion? 

LOVELL: Well, I was wondering what 

it was. There was an occasion before. 
hand where Fred [Haise] would turn the 
“repress valve” all the time, and it had a 
bang to it. I thought he was just trying to 
scare us, but he didn't do that. I wasn't 
too concerned at that time. I saw that we 
had an electrical problem at first, and 
thought it might have been one of the 
batteries that we heard through the lunar 
‘module, But it turned out when we saw 
the oxygen escaping, that told us we were 
in serious trouble, 


| 
| 
| 
| 
| 
| 
| ved tO thint us 
| : 
| 
| 
| 
| 
| 
| 
| 
| 
| 


ASTRONOMY: How did you hold your 
‘composure in such an extraordinary and. 
unprecedented moment of crisis? 
LOVELL: Well, iFyou want to get in this 
business, you better be optimistic. I was 
atest pilot, and I had problems with air 
planes before where I had to suddenly 
figure out what to do, 1 wasn’t too sure at 
the time of the explosion that we were in 
danger until we saw the oxygen leaking. 
‘Then, we just had to figure out what to do. 
I thought our chances were probably pret 
ty low at that time of getting back because 


| Apollo ts astronaut ac Swgerttsina rescue net as Navy personne holst him toa hovering hl 
| Sper Commnedet Jim Love reais he commana mete aning his bmamsn 
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and get home safely before the power died. 
So they figured out how to speed up the 
spacecraft, first of all as we approached 
the Moon so that when we went around 

it we could light the lunar module engine 
and speed up to go back home again. 

TThe one thing that I sort of complained 
about [was that] they had a hard time try 
ing to figure out the final power-up of the 
command module — because it was dead 
The guidance system had never been 
intended to be shut off for the entre flight. 
But we didn't have the [power to keep it 
warm], And so they were trying to figure 
‘out the best way of powering up the com: 
‘mand module todo the job, 

They did a very good job, though, 
because we were being poisoned by our 
‘own exhalation. The lithinm hydroxide 
canisters [on the lunar module] were 
designed to remove only carbon-dioxide 
exhalation from two people for two days, 
and we were three people for four days. It 
meant that we had to take a square canis- 
ter, which had plenty of room in the com- 
mand module, and sort of rig it into the 
environmental system of the lunar module | 
that used round canisters that went into 
round holes. And you can't puta square 
canister into around hole, obviously. So we 
ended up using duct tape, plastic, a piece of 
cardboard, and an old sock to sort of jury: 
rig this square canister on the outside of 


Swigert — can finally 
breathea sigh of relief as they step onto the deck oftheir recovery ship, the USS lwo Jima. ise 


| on Apollo 8, [On that mission, I inad- 
vertently punched in the wrong program 
in the guidance system and had to do a 
‘manual realignment. Very, very fortunate, 
because in Apollo 13, we shut off the com 
the lunar module system to remove the | mand module guidance system. And so we 
carbon dioxide, They did a very excellent | had to realign that guidance system with 
job, and it kept us from being poisoned. spect to the stars again so we'd have 

the proper attitude to come back in with 
respect to the atmosphere, So something 
like fate, that comes in handy. 


| 
| 
| 
| 
| 
| 
| 
| 


| 
ASTRONOMY: IsittuethatJackSwigert | 
aod Fad were ostrmored wih taldng pho- | 
| 
| 


‘tos of the lunar farside? 
LOVELL: About the time we were ASTRONOMY: What were the thoughts 

approaching the Moon, they wanted ‘you had once you splashed down? You 

totakea picture of the farside. And, of | musthave been incredibly relieved {ile Level adianeiapapereceustarthe 
‘course, I was waiting to get the instruc- | and happy. ‘Apollo 13 recovery efforts on board the USS 
tions on how to start the engine and all | LOVELL: Yeah, I was incredibly relieved | Iwodima.ssss 

that. In case I missed something, I was to think that we got back. And then 1 


hoping that they would pick it up. And thought to myself as I was bobbing around | 
I said, essentially, “Ifwe don't get home, | and before I got out of the spacecraft ASTRONOMY: One final question | have 
‘you won't get those pictures developed.” | — you know weare kind of fortunate on a somewhat lighter note. What was 
‘And they said, “Well, you've been here | because if that explosion had occurred _| the experience like of being in the film 


before, and we haven't.” So they wanted | just after we committed ourselves to that | Apollo 13 and appearing init, as well as your 

to get pictures. high velocity to go to the Moon, we would | association with the making of the film? 
never have had enough electrical power OVELL: With respect to the movie, 1 

ASTRONOMY: What was the feeling of to get all the way home again. We would | enjoyed being in it. It was a cameo spot. 


| have been out of electrical power, And if | Actually (the director] Ron Howard came 


reentry through Earth’s atmosphere 


LOVELL: Well, as far as the spacecraft that explosion had occurred after we got | up to me and said, “Would you want to 
performing, it appeared just like it should into lunar orbit or Fred and! were on the | be the admiral?” There was an admiral 
because we managed to get all the power | lunar surface and came up, we'd never on board the regular ship. I said, “No, 
up on the command module again and | have enough fuel to get out of lunar orbit retired as a captain — I'll dig out my old 
‘with that we got the guidance system and to get back home again. So ifwehad | uniform, and I'll look at the ribbons that 
back up again. We realigned the guidance | to have an explosion on the way to the had, and I'l put those on.” So it dup. 


system — something which we learned | Moon, that was the time to have it, ated him, and that’s the way we'll go. @ 
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Null and void 


The nature of empty 


IF ASTRONOMY IS YOUR THING, it would appear 
that you're mostly in love with ... nothing. 

‘The universe seems to be a huge ball of emptiness. Even 
here on Earth, the richness around us is an illusion. Remove 
all the unoccupied space within each atom, and the entire 
human race would merely take up the volume of a sugar 
cube. One cubic centimeter weighing 500 million tons. 

Beyond Earth, space is less empty than atoms, Fanciful 
sci-fi writers sometimes suggest that a solar system with 
its orbiting planets is analogous to electrons whirling 
around an atomic nucleus. It’s actually a bad metaphor. 
Relative to the sizes of their components, atoms are 10 
thousand times emptier than solar systems. Nonetheless, 
between planets and stars, very little is discernible to our 
eyes or telescopes. 


Much ado about nothing 

Figuring out the nature of space has obsessed humans 
ever since the earliest written records of Homo Bewilderus. 
The ancient Greeks, compulsive logicians, argued that the 
blank-seeming sections of the universe couldn't be empty 
because nothingness cannot exist. They said that for space 
to "be nothing” requires us to take the verb "to be” — 
which means to exist — and then negate it. Being nothing, 
they said, is a contradiction. It makes as much sense as say- 
ing, "You're running not running.” 

‘Then came the church, which chanted “amen’ to the “no 
such thing as nothing” credo: If God is omnipresent, there 
cannot be any vacuum. Added to all this, many 18th- and 
then 19th-century scientists said that light is composed 


space 


Let's talk about nothing. e 
by Bob Berman 


‘The ipe Nebula (Barnard 59) isa dark nebula. tis conspicuous forthe 
absence ofightit causes in this region ofthe sk 
wise invisible dust block the light of the bright Milky Way behindit.:o 


interact, this simulation of the dark matter distribution in the universe lets 
Us vicualize the vast networks of invisible material shaping the cosmos. 


Power of 10 


‘These pictures highlight the objects that fill space, 
zooming inby factors of 100 or 1,000 with every step 
{the scale shown heres in meters) Yet at nearly every 


level from the largest galaxy clusters tothe smallest 
‘atoms, the distance between objects dwarfs the sizeof 
the objects themselves. 
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‘of waves, which require some medium through which to travel 
Sound waves need air to carry the thumping bass from a teen: 
ager’s car radio to a pedestrian’s ear. Similarly, illumination 
waves from the Sun or the stars must require a medium to carry 
light’s pulsations from there to here. The anti-nothing lobby thus 
included members of the scientific, religious, and philosophical 
‘communities. They ruled. If you were pro-vacuum, you were a 
rut job — though there were always a few dissenters, such as the 
noted mathematician and physicist Blaise Pascal. The universal 
stuff assumed to fill all space was first called a plenum, then an 
aether, or ether, Its existence was a given for centuries, 


Ice O 
The ether-belief took a serious blow following one ofthe most 
famous demonstrations in history: the Michelson-Morley experi 
ment, conducted in 1887, Albert Michelson argued that ifEarth 
plowed through an ether, then a beam of light traveling in the same 
direction should get a speed boost and reflect back faster than a sim 
ilar light beam aimed at right angles to it, With the help of Edward 
Morley, Michelson used an apparatus attached to a stable concrete 
platform floating atop a pool of liquid mercury.'The multiple-mizror 
device rotated easily without introducing unwanted tlt. The results 
‘were incontrovertible: The light that traveled back and forth across 
the “ether stream” accomplished the journey in exactly the same 
time as ight going the same distance forward in ous planets travel 
direction, Either Earth had stalled in its orbit around the Sun, or the 
ether didn't exis. 

‘Albert Einstein settled the mattera few years later. In 1905, his 
first relativity theory showed that light travels happily through a vac 
tuum. Nothing need convey its waves of electric and magnetic pulses. 

TThis was good news. Ithadn't really made sense for the planets to 
be passing through a substance without the slightest resistance. It 
‘was time to ax the ether with a good riddance. Now fashion totally 
swung the other way, and “nothing” pleased everyone. Even the 
church was no longer anti-vacuum, 


Ah, but not so fast. Light from distant stars showed the spectro: 
scopic absorption lines ofan intervening material. Some skimpy 
stuff — mostly hydrogen atoms, as well as atomic fragments like 
protons and electrons — must be occupying space after all. Simple 
calculations revealed that, on average, one atom floats within each 
‘cubic centimeter of space. 

‘The degree of vacuum depends on the neighborhood. Around 
here, the Sun sends out a constant stream of disembodied atom frag. 
ments. This “solar wind” — the term created by physicist Gene 
Parker in the 1950s and confirmed during the frst satellite launches 
—has an average density of three to six atoms per sugar cube vol: 
ume. Is substantive enough to push comet tails backward like ait- 
port wind socks and make them always point away from the Sun. 


i 
i 


space 


Albert Michelson’s experiment with collaborator 
Edward Morley disproved the existence of the 
mysterious ether once and forall cues ai 


In addition to those absorption lines, support for a thin inter: 
stellar medium came from the cosmic rays that continuously hit 
our planet. They presumably originate in distant violent events like 
supernovae, as stars get shredded and theie detritus flung wildly 
‘outward. What’s weird is that they're composed of 99 percent pro- 
tons and atomic nuclei. When there are just as many electrons as 
protons in the universe, why are cosmic rays so proton-heavy? 
Write that off as an unsolved mystery, even while cosmic rays 
prove that particles do fill the void, 

Some of these particles are barely there, streaming right 
‘through most other matter with their immeasurably tiny mas 
Neutrinos fill the cosmos, So do photons of all kinds. And there’. 
more to space than a mere recitation ofits particle density I's also 
permeated by “fields.” Magnetic and electric fields flow across the 
‘whole of space. Gravity waves rock its very fabric. Thus, a lot is 
present even if tall weighs litle or nothing. 


The power of nothing 

“Most intriguing, perhaps, is space's omnipresent “vacuum energy” 
first postulated in the 1930s, Also called zero-point energy, i's 
the underlying matrix of the cosmos. While mysterious, there are 
good reasons to believe it exists. For example, in 1948, the Dutch 
physicist Hendrik Casimir showed that closely spaced metal plates, 
become powerfully pressed together, presumably by the waves of 
‘vacuum energy outside them. (The tiny space between the plates 
stifles the energy waves by leaving them insufficient “breathing 
room” to push back against the force.) 


10" 


“Star cluster 


Intergalactic 


How empty is it? 


Interstellar 
space 


Helopaisel 


‘The average density of space drops dramatically from the familiar region around our Sun to interstel 
larspace, out tothe lonely reaches of intergalactic space. 


Most physicists accept that vacuum energy causes the Casimir 
effect. Calculations of how much vacuum energy lurks every. 
where vary greatly (in fact, the 100 orders of magnitude difference 
between theoretical predictions and measured values is known as, 
the vacuum catastrophe), but it’s substantial. By the larger estimate, 
if this energy could be extracted and utilized, each empty mayon- 
nalse jar of space contains enough power to boll off the Pacific 
Ocean in one second. This underlying energy seems to be caused 
by an endless whitl of particles and antiparticles springing briefly 
into existence in every tiny piece of space and then vanishing 
again, It’s as ifthe entire cosmos, despite the appearance of empti 
ness, seethes with so much energy that it can barely contain itself 
This may be the so-called "dark energy” making the cosmos 
‘expand. Ifthis quality of space isthe underlying cause of the Big 
Bang, then the universe is still banging. All thanks to “empty” space. 


A matter of perspective 

Weird, but we could live with it. Harder to grasp isan entirely di 
ferent aspect of emptiness — one that has changed space from log 
«alto enigmatic. Since the late 1990s, experiments have confirmed 
the reality ofan aspect of quantum theory known as entanglement. 
Here, two bits of light or actual physical objects, even clumps of 
‘material that were created together, fly off and live separate lives, 
‘but are always “aware” ofthe other's status If one is measured or 
observed, its twin knows this is happening and instantaneously 
assumes the guise of particle o bit of light with complementary 
properties. No matter how far these twins are separated, they behave 
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Solar system Earth's orbit The Moon's orbit 


Time is relative at 99 percent the speed of light 


Proxima Gem 
Pluto _‘Howlong doesit take to get there? eet raat Kepler-22b Cluster 


you could travel near light speed, 
what you measure asa quick aunt 
would bea lengthy wait fr your ~~» 

iends back home. ) 


‘hours From aresting reference frame > Se i e2byears 8400: L 


er 1 ak i) 9p og 


Sominutes Fromthetravelersteferenceframe —» —7months 3. years soyears ——1200years 


asifthey are still two sides of one coin, aware of and in tune with 


ENTANGLEMENT STANDS their other half’s identity without any lag across space and time. 


This strongly suggests that the gap between bodies isnot real on 


Aber Eten fadsrongfeek. fran aos inmeatable one mptness snot what we assumed it tobe even distant 
Ingsagaist quantum entangle. space must prove uanium jects afin contact, what des this sao pace or separation? 
Liao ener a ene cinerea ‘And walt it gets worse Einstein's relativity shows that space 
Caled spooky actoneatadle bedthe thought experimen, not aconstant and therefore not inherent substantive, High-speed 
tances Hefimiyrjecedthe developing table hypotheses travel makes intervening space dramatically rink. Tus when we 
idea that physics might not be (Bell's inequalities) that would step out under the stars, we may marvel at their distances and the 
VUE SEC Ie oO d e) universe's vast spaces, But it has been shown repeatedly that this 

Kad prada chee oeice pene eming separation between ourselves and anything else is subject to 
SLReaN elt ncaneg — expemnstcanstny _ semtgseprton between ous andanything ee sabe 
herethatoblectshavea prede-  dipioven ells inequalties, point of view — what Einstein called a "reference frame” —an 
Terraiheoneteatig Abang enuin ordeand therefore has no inherent bedrock realty. This docant by itself 
tmessuredhflcay didnot Showing thatthe universe we ive negate space but merely makes i tentative 

tuistthen Este’ onnlaieof In doesnot equ lca alse If we lived on a world with a Very strong gravitational ld or 
relativity were flawed because Weird as itsounds ona human traveled outbound at a high speed, those stars would lie at entirely 
they were incompatible sale theuniveelsmensrbly iret distances IF We headed award the sat Procyon at 99 et 
infomation beng wansmitted, unreal on fundamental vel centoflight speed, we would find that it was actually ess than 2 
Hinieie hres je ittyat tere one oophole years away, not he 11 light yeas we'd previously measured itto 
GAIT Mewssdnh) _protabiythewardestyectice be. If we crocsed a living room 21 fet (6 meter) in length going at 
deeply dsturhing Itwaseaserto Wil Bes theorem suggests that that speed, every instrument in out perception would show thats 
bellvein“hidden variables" or quantum mechanic couldbedls- actually now 3 fet (Im) long. And if we could move at 999999999 
the idea that, contrary toquan- proven ifhumans lacktfee will.If percent of light-speed, which is perfectly allowable by the laws of 


tum lavis, particles havea “true” Weare preprogrammed in the 
state tha is revealed, ratherthan observations we make, then 


physics, the iving room would now be barely larger than the period 
atthe end of this sentence. Space would have changed to neatly 


determined, by observation. entangled parties arent 
in 1535 Eintein alongwith tequited teperfornanyspooky nothing. Where, then, isthe supposedly trustworthy space matrix, 

BorisPodolsky and Nathan actions” The universe knows the gridwork within which we observe the stars and galaxies? 

Rosen, proposed the EPR what we wll measure before we ee 

Paradox, They claimed that the start. Not allscientists put stockin. In the mind's eye? 

absurdity ofentanglement— ths interpretation but others are More abstractly, we could even wonder whether space hasan objec 

twinned particlesrandomly | hard atwork finding waysto est ie yeality or is merely our minds efforts to give order to what we 

Grcangeonplonertay/sate: thslsthodounforedeac “we ‘sity aie merely our nd fis gv order to wha 

retin comercial Weill Spooky Kagphesnes see. l8Space part ofthe mental logic ofthe animal organism, the 


software that molds sensations into multidimensional objects? 
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Iecanbe morethan alittle discon- 
‘certing to think that everything in 

‘existence wecan se, touch, oraffect 
‘makes up only asmal fraction of the 
luniverseas aWwhole, sane rin 


Most of us regard space as if it were a vast container without 
walls, Inside this huge floorless cathedral lurks the appearance of 
myriad separate objects. Seeing them as individual items requires 
that each object be isolated and identified as a pattern imprinted 
con the mind, We then also require surrounding space if we are to 
identify them as separate entities. 

But what if visible objects are merely bits of flotsam material 
izing out of the vastly more powerful underlying vacuum energy, 
which is ignored because it’s visually imperceptible? In a differ 
ent mindset, might we perceive a fundamental oneness rather 
than distinct entities separated by space? If known objects are 
blocked out within boundaries of color, shape, of utility only by 
the thinking mind, then we might ask if space is always a reality 
rather than mere perception, 

Then, too, a minority school is convinced that the observer 
and the universe are correlative. By this reasoning, the space “out 
there” is part of a continuum of consciousness and nothing exists 
apart from the observer. Ifo, the farthest regions of space are 
located here in our minds. Well, OK, maybe forget that one for 
now, since it would require a hundred pages of persuasive explica 
tion to seem anything other than lunatic. 

In sum, there are multiple reasons why space cannot be the 
simple blank gap between bodies assumed not too long ago. Shall 


Edwin Hubble observed a multitude of galaxies, including the Pinwheel (101), in order to make the starting 
and disturbing discovery that space itself is expanding. visu ana 


‘we count the ways? (1) Empty space is never empty, especially 
‘when we include fields, photons, neutrinos, vacuum energy, and 
transient particle pairs. (2) Distances between objects mutate 
depending on a multitude of relativistic conditions so that no 
inviolable distance exists any where, between anything and any- 
‘thing else. (3) Quantum theory casts serious doubt about whether 
even far-apart bodies are truly and fully separated. (8) Separations 
between objects are often called space only because language and 
convention makes us draw boundaries. Is it “outer space” inside 
the Sun, in the vast empty gaps between and within its atoms? 

The mental torment imposed by the issue of space shows no 
sign of abating, Theoretical physicists wonder if there is a smallest 
possible amount of space that cannot be subdivided; some say yes. 
Others propose additional dimensions to space beyond the three 
spatial dimensions and a fourth constituting time. There are com: 
plex, mathematically plausible arguments for extra, unseen dimen: 
sions. On the other hand, many scientists say that additional space 
dimensions are mere speculation and must remain so unless some 
actual experimental or observational evidence comes to light. 

Even crossing off the wacky-sounding stuff, we're left with alot, 
to think about. We started with a simple question: What is space, 
the main component of the cosmos? 

‘And we end up with our heads spinning, 
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June 2015: Venus meets Jupiter at dusk 


Brilliant Venus passed a few degrees to Jupiter's upper right in evening 


though June nights 
are the shortest of the 
year in the Northern 
Hemisphere, in 2015 
they pack a power: 
ful punch. Venus and Jupiter 
will top most observers’ lists 
by dominating the evening 
sky all month. Keep a watch 
‘on the two brightest planets 
as the weeks pass, and you'll 
notice them pulling closer. The 
drama builds to a stunning 
climax when they pass within 
0.3° of each other as the calen. 
dar turns from June to July 
But the thrills don't stop 
there. June also features Saturn 


‘Martin Ratcliffe provides plane 
tarium development for Sky-Skan, 
Inc. from his home in Wichita, 
Kansas. Meteorologist Alister 
Ling works for Environment 
Canada in Edevonton, Alberta 
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‘twilight March 14,2012. The two worlds will appear even closer during a 
return engagement late June. snc 


just a few weeks past its peak, 
Uranus and Neptune coming 
into sharper focus after mid. 
night, and Mercury making a 
brief appearance before dawn. 
June's first evening reveals 
two brilliant planets lighting 
up the western sky. Venus. 
and Jupiter stand 20° apart 
that night. Although Venus 
appears lower, it shines 10 
times brighter than its com. 
anion (magnitude ~44 com. 
pared with magnitude -1.9) 
You'll spot Venus easily 
within 30 minutes of sunset, 
when it appeats 30° above the 
horizon. A half hour later, the 
planet is a stunning jewel set 
against the darkening sky 
‘Venus lies among the 
background stars of easter 
Gemini on the Ist, forming a 
straight line with the Twin 
brightest stars, Castor and 


Pollux. The inner world 
crosses into Cancer the Crab 
on June 3. It reaches greatest 
elongation three days later, 
hen ities 45° east of the Sun 
and sets after 11:30 pat. local 
daylight time. Venus slides less 
than I° north of the Bechive 
star cluster (M44) June 12 and 
13, making a splendid sight 
through binoculars. The best 
views will come about an hour 
after sunset, before the planet 
dips too low. 

‘As Venus pulls within 7° of 
Jupiter on June 19, a crescent 
Moon joins the scene some 7° 
below Venus. Compare our 
satellite's 13-percent lit disk 
toa telescopic view of Venus’ 
fatter crescent, which is 42 
percent lit. The next evening, 
the waxing Moon lies 5° to 
Jupiter's lower left 

Venus crosses into Leo the 
Lion on June 25. The separa: 
tion between it and Jupiter has 
now shrunk to 3°, and the bl 
liant planets look like a pair of 
cat's eyes catching a car's head 
lights in the dark. The gap 
keeps closing over the next five 
nights, reaching a minimum of 
Just 20” (two-thirds of the Full 


Moon's diameter) on the 30th. 
Both planets will appear in a 
single field of view through a 
telescope at low power. 
Although conjunctions 
between Venus and Jupiter 
typically occur every year or 
two, this event is the first and 
closest ina rare triple con: 
junction. The second occurs 
July 31 in the evening sky and 
the third October 26 before 
dawn, An even closer con: 
junction (4' separation) comes 
August 27, 2016, but the pair 
then wil be in bright twilight. 
Ifyou want to view Venus 
through a telescope, do so 
before darkness fully settles 
in, Twilight reduces the stark 
contrast between the planet 
and sky and makes detail 
stand out. On June 1, Venus 
appears 22" across and just 
‘over halflit It reaches 50 per 
cent illumination at greatest 
clongation on the 6th, when it 
resembles a miniature First 
Quarter Moon. By month's 
end, the planet’s disk spans 
32" and is about one-thied lit 
As with Venus, Jupiter 
benefits from early evening 
‘observing, The giant planet 


‘The stars of the Bechive Cluster (M44) made a stunning backdrop for Venus 
‘on July 3, 2013. The planet revisits the custerJune 12 and 13..ss sick 


Punched, flooded, sprayed, and strafed 


One lunar feature nicely encap- craters pocking the smooth 
sulates much of the Moon's his- floor display the classic sharp 
tory. The crater Schickard stands edges of relative youth. 

‘out near the southwestern limb Schickard's western wall, which 


Inthe days around Full Moon would have been steep at the 
Uune 2 this month). Your eyes moment of formation, abruptly 
willthankyau if you reduce the slumped down into terraces 
lunar dsk’s excessive glare. that remain visible today. The 
Using a smaller telescope than higher Sun an the folowing two 
‘usual, pumping up the magni- evenings seeminaly erases 
fication, or screwing ina dark these features. 
filter will help, Schickard transforms into a 
Toget the full effect of view- two-faced depression on the 
Ing Schickard, start observing following nights, with an 
couple of evenings early.On unusual stripe of lighter gray 
May 30, the fist rays of sunlight material painted across the mid 
strike the flooded crater ata _dle ofthe floor. large impact 
glancing angle, highlighting _—_carved out this 132-mile-wide 
differencesin the heights of __crater some billion years ago, 
smaller features. You'll quickly Lava soon welled up and cov: 
discern that this isan old crater ered ts central peaks. Then the 
because its rim appears bat ‘lant Mate Orientale impact to 
tered; in contrast the smaller the west sprayed the whole 


Schickard 7% 


Schickard Crater in the days around Full Moon. 


region with ighter-colored 
‘material final surge of lava 
covered the northern and 
southern portions of the bow! 
but did not rise high enough to 
erase the lighter stripe 


When the Sun returns to the 
crater June 28, it displays dra- 
‘matic shadows that camouflage 
the different shades. Within a 
couple of days, however, the 
stripe returns to prominence. 


then lies higher in the sky, so 
its light passes through less aia Wablid inataeis 


of Earth’s image-distorting 
atmosphere. For the same rea 


Seat uncaffessupenor The Herdsman’s laid-back shooting stars 


views because Jupiter lies 


more than a third of the ‘Norther Hemisphere meteor 
way to the zenith an hour ‘observers face two obstacles dur 
after sunset. ing June. First, the month delivers 


the shortest nights ofthe year, 
with areas north of 50° north lat 
tude never achieving complete 
darkness, Second, June offers no 
‘major meteor showers. 

This month's best minor shower 
{s the June Bootids, which peaks 
June 27, Astronomers don’t expect 
‘much activity this year, but you 


‘Once you've sampled the 
delicate details in Jupiter's 
cloud tops — the alternating 
series of bright zones and 
darker belts, turbulent eddies, 
and giant storms — turn your 
attention to the planet’s four 
bright moons. These so-called 


Galilean satellites orbit jupiter ont kaa tesco look. The 
with periods ranging from 1.8 axing gibbous Moon set round 
to 167 days. Because both 2A local daylight time on the 
Earth and the Sun nowliein _27hyleaving an hour or two of 
theplane of the orbits,one darkness fr those at mid-northern 
moon may cross in front of —__ latitudes. June Bobtid meteors it 
another (an occultation) or Earthat-only 11 miles per sec 


pass through another's ‘ond, the slowest of any shower. 
shadow (an eclipse). Unfor 
tunately, the current series 


June Bodtid meteor shower ap 


‘ative Dates: June 22-Ily2 
Peak: June 27 
‘Moon at peak: Waxing gibbous 
Maximum rate atpeah 

Highly variable 


URSA MINOR, 


{(CondNa noneatis 


BOOTES 


Observers should be on the lookout forthe slow-moving meteors ofthe 
June Bodtid shower, which peaks June 27... sus sro oes 


of mutual events is winding 
— Continued on page 42 


How to use this map: This map portrays the 
sky as seen near 35° north latitude. Located 
inside the border are the cardinal directions 
and their intermediate point. To find 

‘stars, hold the map overhead and 

‘rientit so one ofthelabels matches 9 
the direction you're facing, The 

stats above the maps horizon 
now match what’ inthe sky. 
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Calendar of events 


1 The Moon passes 19° north of 
Saturn, 408 EDT 


2 Full Moon accuts at 
129M, EDT 


6 Venus sat greatest eastern 
elongation (45), 2a, EDT 


Asteroid Ceres is stationary, 
eu EDT 


8 The Moon passes3* north of 
Neptune, 1 EDT 


10 


Last Quarter Moon 
ceursat 1:82 Ax, EDT 


The Moon isat perigee 
(228728 miles from Earth, 
124 Aa EDT 


1 Mercury is stationary, 4p. EDT 


The Moon passes 05° south of 
Uranus, 4004 EDT 


Asteroid Pallas iat appsition, 
951 EDT 

12 Neptune is stationary, 

4pm, DT 

14 Marsisin conjunction withthe 

Sun, noon EDT 


The Moon passes 0.04" south of 
Mercury, 10 EDT 


Moan phates inthe calendar vary 


due tthe distance from Earth 


ovin ath Universal Time, 


15 The Moon passes 10° north of 


Aldebaran, 8 4, EOT 


New Moon occurs at 
1005 ay. EDT 

20 The Moon passes 6° south of 
Venus, 7 Aa EDT 


The Moon passes" south of 
Jupiter 8s. EDT 


Summer solstice aceuts at 
12380. ET 


a 


The Moon sat apogee (251,116 
miles from Earth), 1:00 ra. EDT 


2B 


24 Mercury passes 2 north of 


Aldebaran, 4 4s. EDT 


First Quarter Moon, 
‘ceursat 7:03 Asn EDT 


Mercury ist greatest western 
elongation (22°, 1 na EDT 


The Moon passes 2° north of 
Satur, 994, EDT 


28 


‘SPECIAL OBSERVING DATE 

'30 Venus and Jupiter come 
within 03° of each other 
in the evening sky. 


EGINNERS: WATCH A VIDE ABOUT HOW TO READ A STAR CHART AT www.Astronomy.com/starchart, 


| PATH or tHe 
PLANETS | The planets in June 2015 


Objects Visible before dawn + 


steroid Pallas reaches J 
‘pps 


__ Méeuling « 
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eight 


The planets tes itustations show the size, phase, and orientation af each planet and the two brightest dwarf planets 
i forthe dates in the data table at bottom, Souths atthe tp to match the view through a telescope 
in the sky 
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- Neptune Plito 
Ge “upter 


Planets MERCURY VENUS MARS CERES JUPITER SATURN URANUS NEPTUNE PLUTO 


‘9h25.0m | 15HS23m | 1h 


1608 | 18°00" 


‘Thismap unfolds the entire night sky from sunset (at right) until sunrise (at lft, 
‘Arrows and colored dots show motions and locations af solar system objects during the month, 
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The planets 


Lapslecepeat it uranes } 
in their orbits \ 

‘Arrows show the inner plants pe ees 
‘monthly motions and dots depict oe i 


the outer planets’ positions at mid- 
‘month from high above their orbits, 
a 


_ MORNING SK\ 
= Mercury northeast) 
“Uranus (east) 
ope 


down, and with Jupiter visible 
for only a few hours each night, 
North American observers can 
see only a half dozen or so 
during June 

‘Annice event visible from 
the continent's eastern half 
occurs as darkness falls June 3. 
Ganymede eclipses lo for 28 
minutes starting at 9:43 7 
EDT. lo shines only three: 
quarters of its normal bright 
ness at mideclipse, Ganymede 
— the solar system's largest 
‘moon — adds extra spice by 
appearing in transit across the 
planet’ disk during the event. 
lo begins to transit Jupiter at 
10:47 pat, EDT followed by its 
shadow at 11:56 pas. Just one 
minute after that, Ganymede 
clears the gas giant's disk. The 


COMETSEA 
Catalina scrapes the predawn horizon 


big moon's shadows, which 
got this whole affair started, 
touches the jovian cloud tops 
beginning at 12:58 a.m. EDT, 
after Jupiter has set for East 
Coast observers. 

Perhaps the best event for 
those living in western North 
‘America occurs the evening of 
June 10. Ganymede occult lo 
from 9:55 to 10:18 px, PDT 
hile both moons are transit: 
ing Jupiter. 

‘As Jupiter descends in the 
western sky, Saturn climbs in 
the east. Although it reached 
‘opposition and peak visibility 
in late May, the ringed planet's 
appearance hardly suffers in 
June. It dims almost imper- 
ceptibly this month, from 
‘magnitude 0.1 to 0.2, and its 


Will the comet gods deliver on 
their next promise? Astrono- 
‘mers predict that Comet Cata- 
fina (C/2013 US10) will be visible 
to the naked eye late this year 
Observers have a chance to 
‘atch a preliminary view of this 
Visitor from the Oort Cloud 
during June as it dives south 
through Sculptor. 

This constellation hangs low 
Inthe southeastern sky shortly 
before moming twilight begins. 
(Observers in the Southern 
Hemisphere can find Sculptor 
just below 1st-magnitude 
Fomalhaut as it climbs in the 
eastern sky after midnight) 
Comet experts expect Catalina 
10 be glowing around 8th or 9th 
‘magnitude in June. The comet 
should look nearly round at this 
stage, though its northeastern 


flank will look slightly more 
defined where solar radiation 
pushes against the comet's 
dusty envelope. 

Northern Hemisphere view. 
rs will have to walt for Catalina 
to make a long sojourn through, 
the southern sky before it 
returns to view in late November. 
By then, the comet could be 
lowing at ath or th magnitude 
as it shates the morning sky 
With Venus. It then wil cruise 
past magnitude 0.0 Arcturus as 
the calendar ticks over to 2016. 
Astronomers with the US. 
based Catalina Sky Survey dis 
covered the comet October 31, 
2013. The designation “US in its 
official name comes from the 
chronological order of its dis 
covery, however, and not the 
country of those who found it. 
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The ringed world's menagerie of moons. 7 


s 


Saturn 


All of Saturn's bright moons appear near the planet the evening of June , 
including distant lapetus, which then les due north of the gas giant. 


size when viewed through a 
telescope shrinks only 2 per 
cent, Saturn's higher altitude 
and better visibility during the 
evening hours easily make up 
for these minor losses 

The solar system's second: 


Ist-magnitude Antares, the 
Scorpion’s brightest star. The 
Moon appeats Fall when it 
passes near Saturn the eve. 
ning of June 1 and shows a 
bright gibbous phase when it 
returns on the 28th, 

A telescope turns Saturn 
from a steadily shining point 
of light into a wondrous 
ringed world. In mid-June, 
the planet’s globe measures 


largest planet is set against 
the faint backdrop of eastern 

Libra, though its not far from 
the riches of Scorpius. ties a 
Dit more than 10° northwest of 


Comet Catalina (/2013 USI0) 


ue 


Apossible naked-eye object ate this year, Comet Catalina should glow at 
‘th oF th magnitude in une asit chisel its way south through Sculptor. 


Spy the innermost planet before dawn <> tb 


CATINGASTEROID: 
ease. Play it again, Pallas 


Asterold 2 Pallas stands out __in the eastern sky as night set 
from the family of asteroids _tles in, Use the StarDome map 
like a black sheep. Unlike most at the center of the magazine 
‘main-belt objects, Pallas orbit tozero in on magnitude 3.1 


TAURUS, inclinessteeply tothe plane of Delta @) Herul,yourjumping 
thesolarsystem.(Ofthe fst. off point for finding Pallas, 
eal 1000 asteroids dscovered You cn hop quicy to Pallas 
: Pallas 35Incination the ume 12-14 when It passes 33 
. Creel highest) Abigimpactikely (just over one Full Moon diame 
~~ x Kicked it into this odd orbit. te) south of magnitude 44 
Jind 24, 30 minutes tor sundse and peak isiilityune 11, willbe even easier to find June 
doskiogstcoadhoas. though ts easy tofind rough 30 when t pulls within 26 of 
a eccuissorateescopeal Detter Youcan detect Palas 
. month. ttolows atoth megni- tion na fourhour observing 
the Su cits surnverte pea or Northers Harlapharecbeervers. REN Nc ee nee ee a 
stersofHereules,aregion chou sar provide a cm 
1s" across its equator while the | brightness varies from 10th : Co Bao 
rings span 42" and tilt 24° to ‘magnitude when it lies far alone lay tp the rent erin (amet: 
ourline of sight The best views |  thest west of Saturn ands 
come within an hour or so of reflective side faces us to 12th Avisitothe Strongman ib 7K 
when Saturn climbs highest in magnitude when it stands far z B ar 
thesouth, at roughly midnight | thes eas, Theeatest times to 
local daylight time June Land | spotit this month came on 
two hours earlier by the 3h. | the evenings of ane 7-9 when 
After savoring the photons | itpasses north of Saturn and 
reflecting offSaturn andits | glowsat ith magnitude 
fings, turn your attention to | Tapetus fades thereafer asi 
the plant's array ofbright | heads toward greatest eastern 
moons. Glant Titan glowsat | elongation June 28 re 
Sth magnitude and shows up Neptune isa binocular jy 
through any telescope. It'sthe | object before dawn, when it 
brightest point of ight in Ties the southeastern ky 
Satur’ vicinity except on | among the background stars 
June 23 and 24, when the of Aquarius. Itremains 2° 
planet andits attendants slide southwest of dth-magnitude ; 
within of a7th-magoitude Lambda (2) Aquat all Pallas reaches its peakat opposition Jane 1, thooghthestirmagnitde 


background star ‘month, The planet glows at asteroid will be easy to spotall month among the stars of Hercules. 
Titan revolves around ‘magnitude 79, soit is a dim 

Saturn once every 16 days. object in 7450 binoculaes, and 

Three 10th-magnitude moons the handful of similarly bright | a guide, Uranus lies within through binoculars if you 
Tethys, Dione, and Rhea stars in its neighborhood Tofthisstarall month and have an unobstructed hori 

—circle the planet inside of makes identification difficult. | passes 0.5° due south of it June zon. Don't confuse it with 

Titan's orbit. They appear To confirma sighting, point 18, A telescope reveals Uranus’ ruddy Aldebaran, the Ist. 

clearly through 4-inch and your telescope at the sus 3.5"-diameter disk and blue ‘magnitude luminary of 

larger scopes. An 8-inch pected planet. Only Neptune | green color. Taurus, which lies 2* south 

instrument will bring in 12th- will show a blue-gray disk Our final solar system tar- (lower right) ofthe planet that 

‘magnitude Enceladus when measuring 2.3” across, get appears low in the east morning. A telescope will 

this inner moon lies farthest Like its outer neighbor northeast before dawn in late show Mercury's disk, which 

from Saturn, Uranus shows up best shortly | June. Mercury reaches greatest__appears 8" across and about 
Outer lapetus isthe Dr: before dawn starts to paint the | elongation on the 24th, when it one-thied lit. 

Jekyll and Mr. Hyde of solar sky, The magnitude 59 planet lies 22° west of the Sun and Only Mars remains invis 

system objects. One of its, lies against the faint stellar stands 7" high a half-hour ible this month, It passes 

hemispheres reflects light like backdrop of Pisces. Use mag- before sunrise. Shining at mag- behind the Sun from our 

newly fallen snow, while the nitude 5.2 Zeta (C) Piscium as | nitude 0.4, itshows up easily viewpoint June 14. @ 

opposite side more closely 

eieniblos ooal:"The mons IGET DAILY UPDATES ON YOUR NIGHT SKY AT www. Astronomy.com/skythisweek. 


BLAST RADIUS 


Q: HOW CLOSE COULD YOU BE TO 
WITNESS ARIZONA'S METEOR CRATER 
FORM AND STILL LIVE TO TELL THE TALE? 


[Az Ifthe Barringer Meteor 
Crater impact event in Arizona 
occurred in a modern city it 
would completely destroy it, As 
the question implies, distance 
from the point of impact is 
directly related to one’s sur- 
vival. The key to determining a 
sale distance ie in the ener 

‘of the impact event. Estimate 
‘of that energy exist, but the 
range of uncertainty can have 
significant consequences, Ifthe 
‘energy Was sulliciently small, 
one could have had a spectact 
lar view ofthe impact event 
from Anderson Mesa, a long 
vvoleanic ridge about 15 miles 
(24 kilometers) west of the cra- 
ter, However, for some of the 
larger energy estimates, that 
location may have been 
uncomfortably close, if not 
deadly. Ihave often thought 
that avery nice — and sale 

— vantage point would have 
been Mount Elden, a towering 
volcanic dome in Flagstaff 
neatly 40 mies (60km) north: 


West of the crater. 
‘The impact produced a 
shock wave and ai blast that 


‘Matthew Petty, Sct Vale, Clfornia. 


radiated across the landscape. 
the impact energy was 20 
‘megatons, it was immediately 
lethal for human-sized animals 
within 4 miles (6km) of the 
impact. A sharp change in 
pressure caused by the shock 
wave produced severe lung. 
damage within 6 to 7 miles (10 
to 12 ki) of the impact. Winds 
were also catastrophic, with 
speeds in excess of 900 mph 
(4,500 km/h) within the inner 
4Amile-diameter zone and still 
‘more than 60 mph (100 krn/h) 
at radial distances of 12 miles 
(Oki). Those winds would 
hhave picked up debris and 
fnurled it across the landseape 
like a shotgun blast. Mans 
‘moths, mastodons, and giant 
ground sloths were among the 
unfortunate victims of the 
impact event. Let's hope we 
are able to mitigate future 
events ofthat size and larger 
so that we never have an 
‘opportunity to witness them 
from any distance. 
avid Kring 
Lunar and Planetary insti, 
owston 


How our universe got its spots 


Our universe's freaky flat. How do astronomers know? The cosmic micro 
wave background, which constitutes the oldest light in the universe, 
would appear different depending on curvature. Through decades of 
observations scientists have learned that our cosmos sa: flat asa coun: 


Barringer Meteor Crater in Arizona formed when an asteroid hit about 
150,000 years ago. The blast sent catastrophic winds out at some 900 mph 
(1,500 km/h) across the immediate are, instant killing animals unfortu- 
‘nate enough to witness the impact closeup. wor cuck 


Q:HOW DO WE KNOW 
SPACEIS FLAT? 

Dan Vos 

Cary, North Caraina 


Az We measure how curved 
space isthe same way the 
Greeks measured the size of 
Earth: using trigonometry. In 
this case, the method is known 
asa “standard ruler test. 

I Ttake a ruler of known, 
length and move it away from 
‘me, it subtends a smaller and 
smaller angle, How rapidly the 
angle decreases depends on 
how curved the space is, IT lve 
at the north pole ofa sphere 
and do this, the angle decreases 
ata different rate than if ldo 
this on a lat sheet af paper. 
(Gometimes i’ easier to visual 
ize this by holding the angle 
fixed and seeing how big a 

“ules” you need, but we da the 
‘measurement the other way.) 

By using the physics of 
sound waves in the early uni 
verse to define our “standard 
ruler” we are able to do this 
test on the largest observable 
scales with the European Space 
Agency's Planck spacecraft 
In practice, we need several 
distance measurements to 
take out confounding effects 
of other factors (such as how 


‘tertop to the extent spacecraft can measure. istwussains ris 


rapidly space is expanding), 
but in the end, we Find that 
space is flat to the limits of our 
‘capability to measure i 
Martin White 
University of Cao, Berkeley 


Q: HOW WERE THE 
CONSTELLATION BOUND- 
ARIES SET? THEY APPEAR 
PRETTY ARBITRARY. 
Robert Bobo 
Mekenaie Tennessee 


[As Ifyou think the constella- 
tion boundaries look arbitrary 
now, consider the situation a 
century ago. No offical star 
chart existed, and those in 
common use not only set dif 
ferent boundaries for the star 
patterns but also all had difl 
ing numbers of constellations, 
Some bad as few as 70, and wth- 
er3 topped out near 10, 

Astronomers first formally 
auddressed these problems in 
1922 atthe initial meeting of 
the International Astronomical 
Union. They formed Commis 
sion No, 3, headed by Belgian- 
French astronomer Eugene 
Joseph Delporte. His task was 
to scientifically define the 
constellations and assign their 
boundaties, 


44 ASTRONOMY «JUNE 20) 


Delporte’s group finished. 
their study and presented thetr 
report in 1928, and two years 
later the book Délimitation 
‘Scientifique des Constellations, 
tables et cartes with the official 
list and boundaries appeared. 
As the commission per 
formed its duties, members 
incorporated two general rules, 
First all of the constellation 
borders fllowed lines of right 
ascension (R.A.) and declina 
tion (Dec), the celestial coordi 


the 85 years since 1930, how. 
‘ever, a long-term motion of our 
planet called precession has 
altered the boundaries so that 
they no longer exactly follow 
current R.A. and Dec. lines. 
Second, the group tried to 
accommodate the historical 
shapes of the constellations 
and not impose a square or 
rectangular region where it 
didn't make sense. The legacy 
we have, then, is 88 figures 
whose borders follow lines of 
celestial coordinates and which 
still make sense historically 
Michael. Bokich 
Senior itr 


): WE OFTEN READ OF 
DISCOVERING EXOPLAN: 
ETS. HOW FAR AWAY FROM 
EARTH WOULD WE BE “DIS: 
COVERED” BY ANOTHER 
CIVILIZATION WITH OUR 
‘CURRENT DETECTION 
TECHNOLOGY? 

Tom Connely, Chicago 


‘urrently, the most common 
ways to detect exoplanets are the 
photometric transit technique, 
Which seeks dips in light due to 
planets passing in front oftheir 
host stars, and spectroscopic ob- 
servations, which detect radial 
velocity variations when a planet 
pulls on its sta Measuring radi 
al velocity shifts for Earth-sized 
planets with one-year orbits 
around Sun-like stars is not pos- 
sible with current technology: 


Earth's orbit around the Sun 
causes a velocity change of only 
about | centimeter per second, 
whereas the best instruments 
available today only can pro: 
duce measured values of about 
10 cm/s oF larger. Photometric 
work to search for exoplanet 
transits from the ground 
require the brightest stars and 
can measure brightness varia- 
tons less than about | percent 
‘or so, enabling them to detect 
exoplanets down to about 
Neptune's size 
Both of these techniques 
suffer from having to observe 
through Earth’s atmosphere 
and, if trying to measure a long 
‘orbital period such as Earth's, 
the need to keep tremendous 
stability in the instrument over 
extended time periods, Thus, at 
present, neither of these tech 
niques could detect an Earth- 
like planet orbiting a Sin-like 
starat any distance with a 
ground-based telescope. 
NASA\s Kepler mission, how- 
lever, was bul just for this spe 
cific purpose — to find the 
frequency of Earth-sized plan- 
tsin approximately yearlong, 
orbits around Sun-like stars. 
Kepler discovers exoplanets by 
‘measuring the small drop in 
brightness that occurs when a 
planet transits the disk of ts 
hhost star. A planet as small as 
Earth causes a 0.01 percent 
drop in brightness while tran- 
siting our Sun. This tiny change 
fs the reason these types of 
measurements only can be made 
in the stable conditions of space. 
we take Kepler asthe best 
current technology we have, we 
could detect a planet similar to 
Earth orbiting stats like our 
Sun down to a visual magni 
tude of 12 to 13. Thus, the tech 
nology in a mission such as 
Kepler would allow Earth's 
detection from as far away as 
800 to 1,300 light-years 
Steve Howell 
NASA Ames Rezeorch Center, 
Moffet il, Cltfornia 


epler-186fis the most likely habitable exoplanet candidate yet, butts 
‘not another Earth, Nonetheless, astronomers say current human technol 
(09y could find our planet from asfaras 1,300 light-years away. snr. 


Q: EVERYTHING AROUND 

US IS SPINNING: PARTICLES, 

PLANETS, STARS, GALAXIES. 
WHY NOT THE UNIVERSE? 

Corel Halmaghi 

Maple Ridge Bish Columbia 


Spin is ubiquitous in the 
cosmos. Planets rotate as do 
stars and galaxies, This comes 
about simply from conserva 
tion of angular momentum, 
When two ice skaters approach 
each other and link arms, they 
will start rotating — clockwise 
if they Link right arms and 
counterclockwise i they link 
left arms. Ito stars approach 
each other, gravity along with 
other effects might cause their 
‘mutual capture. The associated 
‘matter may form planets and 
other objects that share the 
original angular momentum, 
and are all likely to rotate or 
spin with an axis along its 
original ditection, This is 
random process, so we would 
not expect the universe as a 
Whole to have a net angular 
momentum, unless it had one 
originally 

Astrophysicsts believe the 
universe started some 13.8 bil 
lion years ago in a “Big Bang 
that rapidly expanded into the 
tuniverse we see today. We are 
confined within that universe, 
and we can never see what, if 
anything, is outside it, Sul, we 
can imagine seeing our uni 
verse from the outside. 

Itis possible to visualize 
four universe spinning in this 
larger space. Protons were 


born spinning, as were elec 
trons, neutrinos, etc. Why not 
universes? the universe was 
born with an initial spin, as it 
‘expanded from the Big Ban, 
turbulence would cause the 
initial angular momentum 
to dissipate among smaller 
and smaller objects, In other 
words, we would not expect the 
universe asa whole to be rotat- 
ing now. Instead, the smaller 
cobjects like galaxies would 
‘emember" the primordial 
angular momentum and show 

a preference for rotating about 
the original spin axis, 

This would show up in the 
‘orientation of spiral galaxies as 
We see them, In fact, there is 
significant evidence that spiral 
sgilaxies do exhibit a preferred 
spin direction about an axis 
loge to the north pole of our 
Milky Way. About 10 percent 
more spiral galaxies are left 
handed spirals, spinning in the 
same direction as our ova, 

MichaelJ.Longo 
Universiy of Michigan Ann Arbor 


Send us your 
questions 

Send your astronomy 
questions via emai to 
askastroaastronomy.com, 
or write to Aak Astro, 

P.O. ox 1612, Waukesha, 
WISSI87 Be sure t tell us 
your fullname and where 
youve. Unfortunatly, we 
Cannot answer al questions 
submited. 
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Into the blue 


Blue LEDs may have 
warranted a Nobel Prize. 
in physics, but the lights are” 

bad news for astronomers. 
by Eric Betz 


J THE AFTERNOON Vi WERE ///But evenhere thisiprincely sum é Low-pressyrésodium 
dear and blue like countless cen- isn’t enough to stop the march of A pcg prey 
‘turies of others in Chile's Atacama’, light into.one of the last bastions fhue’across the world’s 

/ Desert when the blast rang out. The © of the night. Cities are expand- _. WA terns a 


/explosion shattered the silence and jig alongside tourism and mining. 
sént rock high into the thin Andean-_/ Workers are improving the nérth- 
‘air, Some 76 controlled detonations / “ south Panamericana Highway, where 
would follow, removing millions of “the governments building highway 
‘cubic feet of diftto flatten the peak security checkpoints with hundreds Va 

Sf Cerro Las Campanas for the néarly __/of LED streetlamps and 15 toll plaza / 

/ $1 billion Giant Magellan Telescope. “floodlights below telescopes on 

But this won't be the only high- Las Campanas and nearby La Silla, 

follar instrument in the Atacama ‘Outside the Cerro Tololo Inter- 

U fre is Nearby, work has begun on American Observatory in La Serena 
“/Ahe Large Synoptic Survey Telescope, jo the Chilean coast, a new mine will 

fesigned to image the entire visible Yigg 24 houirs atlay and run mate- 
sky every few nights. To the north, rial directly to port. 

Europeans are constructing their, Unlike the United States; Chile has a 


‘extremely Large Telescope, which’ /_-national dark-sky ordinance. Some of 
ill one day be the world’s largest. “. “these new sites will be in direct viola~ y fxs 
Y WY, * Combined with the yecently finished’ tion ofthe law, but so far, that hasn’t//” 
/ © / Reacdma Large Millimeter/submil- ‘Stopped their progress. Z A 
] eter Atray, these projects will cost” “We've got some work to’do,”” ey he 
f 6 than $4 billion. This incredible 's Chris Smith, the head of mis- Y . 
UY fiyestment was luted By what is per- Y. Zion in Chile for the Association PK v 
haps Chiles greatest natural resource of Universities for Research in ¢ Cia 
—sor the datkest and driest skies Astronomy. “There are alot of cheap, fr 


// on Earthy. Inthis wasteland, the Milky _“ not very good lighting fixtures being 
Way casts shadows, taking its claim as’ pushed for, and we're having trouble 
(the sky's most distinguishable feature. - with LED signs that are going up.” 


f 


‘The green Comet Lovejoy (C/2014 Q2) passes below the Pleiades and away from the red California Nebula 


inthe skies ver La Silla, Chile. Nearby (center right th 


Smith worked with the Chilean govern 
‘ment in 2013 to craft a new lighting ordi 
nance that limits total light levels as well as 
dlectronic billboards. The Chilean president 
signed the legislation, but bureaucratic hold 
ups have stopped the law’s implementation, 

Smith says he's now trying to convince 
Chilean officials that their night sky isa 
national resource no less important than 
the minerals coming from the ground. 

Around the world, the centuries-old 
problem of light pollution has been com 
pounded by a sea change in lighting tech: 
nology brought on by LED lights that 
spread their radiation actoss the electro 
‘magnetic spectrum. Theit light is cheap, 
efficient, and low maintenance, making 
conversion an inevitable choice. 

New light shields and filters have given 
astronomers hope that LEDs might become 
a good thing for dark skies in some com: 
‘munities, but that will require governments 
to adopt and then enforce aggressive new 
policies. To solve the new problems, advo. 
‘cates must take on the old 


Taming the blue 

This match of progeess began in 1882 on 
the streets of Americas largest city. New 
York — where Thomas Edison unleashed 
his incandescent revolution of fuses, 
meters, and bulbs — completed its move 
fom gas streetlights into the era of elec 
tricity less than a century ago. 


Erie Betz is an associate edtor of Astronomy. 
Follow him on Twitter @ericbetz 
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Panamericana Highway casts an earthly hue. 


The tens of thousands of lampposts in a 
stunning variety of shapes and technolo: 
gies eventually gave the avenues their 
famous ephemeral glow. The rest of the 
country followed at a breathtaking pace. 

But in homes and on streets, lights pro- 
sgressed relatively litle in the many decades 
since electricity’ first revolutionary leap. 

That changed in the early 1990s when 
three Japanese researchers solved a puzzle 
that had confounded scientists for decades. 
Isamu Akasaki and Hiroshi Amano of the 
University of Nagoya, as well as Shuji Naka 
‘mura from Nichia Chemicals, wanted to 
create white LEDs. 

Red and green already existed, but 
scientists had tried and failed to produce a 
bright blue LED. All three were needed to 
make a white light 

Laboring in the lab, they found new 
ways of growing specific crystals and 
mastered fresh techniques for controlling 
semiconductors 


The bulbs became ubiquitous, eventu: 
ally occupying Christmas lights, television 
sets, and streetlights. 

White LEDs now can last 100 times as 
long as incandescent bulbs and 10 times, 
longer than fluorescent lights. LEDs are 
also orders of magnitude more efficient, 
which means low-power solar panels can 
help bring light to the more than 1 billion 
people who now live without it 

Los Angeles, which has long been 
known and loved by Hollywood filmmak: 
rs for its yellow-tinged, high-pressure 
sodium lit nightscape, recently converted its 
streetlights to LEDs. To the chagrin of some 
movie buffs, the streets now have a dra- 
‘matically whiter look. The city’s Bureau of 
Street Lighting — operating under the slo. 
gan “Bright Lights, Safe Nights” — swapped 
in 140,000 LED lights over a four-year 
period and estimates saving millions of 
dollars every year. In 2013, New York City 
announced it would follow suit, putting in 
‘a mind-boggling quarter of a million LED 
streetlights. Small towns and major cities 
across America are doing the same. 

“Their inventions were revolutionary.” 
the Royal Swedish Academy of Sciences said 
in announcing the 2014 Nobel Prize in phys- 
ics for the invention of blue LEDs. “Incan: 
descent light bulbs lit the 20th century; the 
2st century will be lit by LED lamps.” 


The nightmare spectrum 
The blue LED revolution has many cities 
converting without a second thought, but 
scientists say there's good reason to pause. 
Before LEDs, new types of bulbs doubled 
lighting efficiency inthe United Kingdom 
in the second half of the 20th century Yet 
the electricity used per person for lighting 
grew fourfold during the same period. 
‘When lights get cheaper, humans tend to use 
‘more of them and in new, innovative ways. 
For decades, low- and high-pressure 
sodium lights have been a yellow-hued 
‘mainstay in many dark-sky communities 


Los Angeles recently converted from yellowish high-pressure sodium (lft to bright white LED street. 
lights right), prompting complains from some movie buffs fond ofthe city’s distinct nightscape. 


New York ity, once atthe forefront of electricity, 
‘again playing aleading role adopting LEDS. ws 


and big cities. These lights confine them 
selves to a small band of the electromag. 
netic spectrum that astronomers easily can 
remove, In contrast, LEDs leave a large 
footprint across the spectrum. The now 
common blue bulbs are the worst offender. 

TTheit light falls in what University of 
Hawaii astronomer Richard Wainscoat 
calls the “nightmare spectrum,” 

In lighting, color temperatures above 
5,000 kelvin are considered “cool colors,” 
like blue. “Warm colors” such as yellow fall 
around 3,000 K. Cities are turning to 
LEDs because of the large poten: 
tial cost savings; how: 
‘ever, the average 
5,000 K street 
light emits a 
large amount of 
light in the band. 
width around 450 
nanometers, where astronomers com= 
monly observe. The light might not be 
an affront to the eye in an already well-lit 
area, but for the sensitive CCD cameras 
used by astronomers around the world, 
its blinding, 

“The blue light really has to be sup. 
pressed; otherwise our view of the night in 
the future is going to be suppressed,” 
Wainscoat says, 

Like other communities around the 
world, Hawaiian cities are converting to 
LEDs. On the Hawaiian island of Maui, 
Wainscoat is worried new city lights might 
jeopardize the dark skies needed by the 
instrument he heads, Pan-STARRS. 


The wide-angle telescope has the 
world’s largest CCD camera and rapidly 
scans the entire visible sky in search of 
asteroids and comets in Earth’s vicinity. 
A recent record-breaking night netted 19 
asteroids — two that approach our orbit 
And, like Chile, t's not just science 
at risk. An economic impact study by the 
University of Hawaii estimated that about 
$168 million was spent on astronomy in the 
islands in 2012, creating some 1,400 jobs. 


Laws not enforced 
Hope lies across the water on 
Hawaii's Big Island, home to 
the world-famous dark skies 
of Mauna Kea, where officials 
plan to update their lighting 
ordinance this year. New LED street. 
lights there have filters that remove the 
blue light. Full-cutoff light shields make 
sure the light points at the ground instead 
of up and out, which spreads ight pollu 
tion, Warmer amber filtered LEDs would 
be better for astronomy, but the technology 
still far too expensive 
‘On the positive side, retrofits with 
LLEDs present the opportunity to replace 
poorly shielded lights with fully shielded 
lights,” Wainscoat says. “Anyone with any 
interest in astronomy should stay very vig. 
ilant about this — to make sure that only 
fully shielded LEDs ate installed,” 
Tha’s not happening now outside the 

public sector. "Enforcement ofthe ordi 
nance is quite lax,” Wainscoat says 


Light pollution spreads out below Mauna Kea on the Big island of Hawaii, which willsoon be home to 
the more than $1 billion Thirty Meter Telescope. sew crv u nzcorsmaton 


“A Jack In The Box [restaurant] on the Big 
Island is treated like a Jack In The Box 
anywhere else.” 

The problem is worse away from the 
major darke-sky sites, where relatively few 
residents are pushing cities to shield new 
LEDs and cities aren't enforcing existing 
Jaws. Even many astronomers are not yet 
‘on the bandwagon. At the most recent 
American Astronomical Society meeting in 
Seattle — the so-called “Super Bow of 
astronomy” — a session on light pollution 
drew mostly empty chairs 

Daniel Caton, director of observatories 
at Appalachian State University in North, 
Carolina, told those in attendance that he’s 
generally disappointed at the lack of protest 
by astronomers in their hometowns. 

“It’s fine to go off to Mauna Kea or 
Cerro Tololo, but when you get home, 
you have to live with it,” Caton says, 
“Eventually, these orange bubbles of 
sodium vapor light are going to overlap.” 


Awhite-light night 
{In 2010, German researchers found that 
light pollution’ global reach is expanding 
by 6 percent each year with understudied 
but very real impacts on biology. Some 30 
percent of vertebrates are nocturnal, and 
that number doubles for invertebrates. 
Ecologists worry about species like moths 
and bats — nighttime pollinators that 
‘many plants depend on. 

Other scientists think entie ecosys 
tems could be at risk. Recent studies with 
light traps in New Zealand found insects 
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Dome globe lights 


were 48 percent more attracted to LED 
lamps, regardless of bulb color, than they 
were to high-pressure sodium bulbs. They 
concluded that the new technology will 
create a “white-light night” that increases 
the ecological impact of light pollution, 
‘And humans aren't immune either. 
Breast cancer studies have found that 
tumor growth accelerates when artificial 
light disrupts the circadian clocks of our 
24-hour day and night cycle. That process 
controls as much as 15 percent of human 
genes, which leads researchers to suspect 
other ill effects from photons falling on 
human retinas at night, A report put out by 
the American Medical Association even 
recommends reducing light pollution, lim- 
iting shift work, and avoiding excessive 


nighttime exposure to electronic media. 

The psychological impact is harder to 
quantify. Scientists can't put numbers on 
what happens when millions of children 
are raised in interconnecting light bubbles 
With litle reason to look up. The First World 
Allas ofthe Artificial Night Sky Brightness in 
2001 showed two-thirds of Americans and 
half of Europeans can no longer see the 
Milky Way. In fact, after the 1994 North: 
ridge earthquake knocked out power in 
Los Angeles, many residents called emer 
gency lines to report a “giant, silvery 
cloud” in the night sky. 


The dark-sky gospel 
James Lowenthal isa self-described 
global warming evangelist. He's also an 
astronomy professor at Smith College in 
Massachusetts, where many residents hold 
similar environmental views 

‘One night, Lowenthal was riding his 
bike home wen the glaring lights of new 
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Street non-full-cutoff lights 


Research shows that even partial shields on streetlights cause substantial glare, Fll shielding casts light straight down and confines ito theimmediate area. 


housing ata recently redeveloped psychiat 
ric hospital site caught his eye 

“Lwas confident because ofthe good 
lighting ordinance I had helped pass, 
any new development would comply” 
Lowenthal says. That was not the case. 

He took photos of the noncompliant 
lights and showed them to the city cous, 
cil. His images drew gasps from the 
elected officals 

He discovered the developers had told 
city planners they wanted to give their 
buildings a “village feel” and gained 
approval to install acorn-style stretlamps 
for acres and acres. When confronted with 
the ilegality oftheir lights, the developers 
pointed out that the manufacturer had 
stamped “dark-sky rated” on the product. 

“Ws definitely not full-cutofh” he sys. 
“It doesn't satisfy any ofthe requirements 
of the board's own code, but because it 


said “dark-sky rated’ they approved it 

‘Every planning board in the country 
must be dealing with this” Lowenthal 
says, “They're overworked. It’s very easy 
for things to slip through the cracks. 


Se 
Unshielded lights illuminate aparking lot 
‘of patrol cruisers — and the sky above — at 
the police department in Northampton, 
‘Massachusetts. The city’s lighting ordinance 
requires shielding. .yesovern 


utoff lights 


‘The problem has gotten worse for advo. 
cates, Northampton appointed an energy 
officer to monitor efficiency, and he's push 
ing for LED streetlights to be installed 
around town. The 2006 lighting code says 
nothing about the new technology. 

Lowenthal decided to fight for changes 
to the code he helped pass, But is fight has 
been acrimonious in the small town. He’s 
‘met resistance while pointing to research 
that shows excess lighting can negatively 
{impact human health and disturb wildlife 
while having litte effect on public safety. 

The astronomer gave a presentation to 
Northampton’ city council in 2014 and 
pushed for shielding requirements on new 
LEDs and a lighting curfew that would 
force businesses to stop lighting empty 
parking lots at night. He gathered 40 signa. 
tures for a “Starry Skies” petition. The city’s 
police chief, Russell Sienkiewicz, stood up 
in opposition during the meeting, saying 
that lighting isthe second most important 
tool police have, behind more patrols. 

“L would ask just for you to consider if 
good lighting is important,” the chief said, 
according to the Daily Hampshire Gazette. 
“Ifyoutre a nurse ora clerk working late 
and you have to walk in a dark parking lot 
because you ate [al half-hour behind when 
aa business is closed, would lighting be good 
for you? Would you feel comfortable?” 

To his frustration, Lowenthal says even 
the police headquarters has illegal lighting, 
installed as a result of a recent overhaul. 

He hopes municipalities can learn from 
the example of Davis, California, where 
a relatively small group of citizens recently 
showed they could have an impact. 

Following a pilot project that went 
‘unnoticed, the central California town 


Light pollution’ reach increares by 6 percent each year, leading researchers to predict that only afew patches of truly dark skies will on existn the U. 


‘moved forward with plans to replace 2,600 
streetlights with LEDs ata cost of about 
$1.2 million. Over the course of 15 years, 
the city council anticipated saving more 
than three times their initial investment, 
‘much of which was offset by federal grant 
funds. It wasn’t until workers installed the 
LED lights across most areas of Davis that 
the complaints started streaming in, 

Residents said they hated the glare, the 
color, and losing the night sky. Enough 
people complained that Davis suspended 
the project and is now looking at alterna: 
tives. Lowenthal says officials should take 
note that i's much more expensive to 
replace streetlights twice 

“If the public rejects your plan, what are 
you going to do?” he says. 


Dimming the desert 

A similar battle has been brewing in 
Arizona. In Flagstaff, signs posted at city 
limits proudly declare the mountain town 
as the world’s first “International Dark Sky 
City” Percival Lowell built his observatory 
here more than a century ago atop Mars 
Hill, which now overlooks a city of about 
{0,000 people. The town is also home to 
the US. Navy's astronomy facilities. 

In 2014, a developer tried to gain 
approval fora 714-bed student housing 
project right next to the Naval Observ 
atory: The design did not violate the city’s 


dark-sky ordinance, but doubled lighting 
near the facility, which also sits near Lowell. 

The Flagstaff City Council approved the 
project despite a uniformed naval captain's 
briefing on the observatory’s importance to 
merica’s defense. Hundreds wrote in pro: 
testing the development, and the project 
went down in defeat after nearby residents 
rallied a petition that forced a new vote 
backed by a supermajority of the council, 
The developer withdrew its request. 

“This was very difficult to fight, prob. 
ably because the developer said, ‘You set 
the rules; we'te following them,” says 
Lowell Observatory Director Jeffery Hall 
“I don't want to just be an ogre using the 
ordinance as a hammer.” 

Like chopping the head off the hydra, 
Hall doubts this development will be the last, 
to challenge Flagstaff’s dark skies. And the 
next threat already may be on the horizon, 
Longa major consumer of low-pressure 
sodium lights — the most dark sky friendly 
technology available — Flagstaff too is naw 
testing a conversion to LEDs. The move took 
astronomers by surprise, and officials were 
similatly taken aback by the astronomers’ 
protests “Even our code is not ready to 
adapt to the recent changes in LED technol. 
ogy.” Hall says. The debate prompted Lowell 
to host a conference on LEDs and light pol 
lution last year and invite industry and gov 
ernment of 


als, as well as astronomers. 


Lori Allen, who directs Kitt Peak 
‘National Observatory outside Tucson, 
‘Arizona, attended the conference because 
her facilities have seen the same problems, 
Kitt Peak has faced a funding crisis in 
recent years as it vies for cash with more 
‘modern instruments builtin increasingly 
remote locations. NASA and the National 
Science Foundation only recently eased 
Allen's concerns by committing to pay for 
new instruments to carry out long-term 
projects on the mountain, 

Growth actoss her border city has been 
swift, but Allen says the observatory’s main 
foe lies farther away, Photos of sky glow 
captured since the 1950s predictably show 
Tucson's light bubble increasing, but at an 
amount that pales in comparison to the 
spread of Phoenix more than 100 miles (160 
Kilometers) away. Amazingly, a 2010 study 
found that Kitt Peak’s dark skies were rela 
tively constant going back to the 1970s due 
in large part to strict lighting ordinances. 
But as the city of Tucson begins converting 
to LED streetlights, it too must find a way to 
incorporate the new technology into exist 
ing regulations or risk losing night skies. 

“All these cities are looking at these 
LEDs and seeing huge savings,” Allen says 
“Wee not dead yet, and we've got some 
exciting projects over the next few years. 
We have a very bright future at Kitt Peak if 
wwe can keep the dark.” @ 
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017 TOTAL ECHIP 


Excitement is building for the first total solar eclipse 


in the U.S. in 26 years. by Michael E. Bakich 


. rama is coming to the US. On 
OW) August 21, 2017, Sun-watchers 

along a line from Oregon to 
[BLM south Carolina will experience 
B® sature’s grandest spectacle: a 
total solar eclipse. It's likely to be the 
most viewed sky event in history. That's 
why e 
eclipse, astronomy clubs, government 
agencies, cities, and even whole states 
are preparing for the unprecedented 
‘onslaught of Visitors whose only desire is 
to experience darkness at midday. 


11 now, some 800 days before the 


This will be the fist total solar eclipse 
crossing the continental U.S. in 38 years 
(Gotality touched Hawaii on July 11, 1991) 
The last one occurred February 26, 1979 
Unfortunately, not many people saw it 
because you had to be in (or travel to) a 


narrow path crossing one of just five states 
in the Northwest, and that winter's weather 
for the most part was bleak along the path 
of totality, Before that eclipse, you have to 
go back to March 7, 1970, a total solar 
eclipse that moved up the East Coast, again, 
occurring in a scant fi, 


basics 
Ilike to think of total eclipses as 
examples of sublime celes: 
tial geometry. Each one is 
an exact lineup of the 
Sun, the Moon, and 
Earth (fora total 
solar eclipse) or the 
Sun, Earth, and 
the Moon (for a 
total lunar eclipse), 
And although 
total solar eclipses 
‘occur more often 
than total lunar 


a total solar eclipse. Even fewer have seen one 
from the ar. The photographer and some friends 
chartered a Dassault Falcon 9008 jet from 
‘muda to observe and record the November 3, 
2013, event so cnensnncerasnorican 


‘ones, more people — actually, pretty much 
everyone — has seen a total eclipse of the 
‘Moon. Few, on the other hand, have seen a 
total solar eclipse 

The reason is quite simple: We live on 
Earth, and it’s our perspective that inter 
acts with the geometry of these events. 
During a lunar eclipse, anyone on the night 
side of our planet under a clear sky can see 
the Moon passing through Earth's dark 
inner shadow. That shadow, even as far 
away as the Moon, is quite a bit larger than 
the Moon, so it takes our satellite some 
time to pass through it. Infact, if the Moon 
passes through the center of Earth's sha 
dow, the total part ofthe eclipse can last as 
long as 106 minutes, Usually totality 
doesnt reach that duration because the 
‘Moon passes either slightly above or below 
the center of the shadow our planet casts, 

Conversely, the Moon and its shadow at 
the distance of Earth are much smaller; so 
small in fact, that the shadow barely 


‘This sky chart shows the Sun nearthe time of greatest eclipse along with some of 
the bright celestial objects you may be able to spot durin totality. The Sun stands 
before the constellation Leo the ion. Magnitude 1.3 Regulus Alpha Leons) ies, 
1.3" eastof the Sun, where sharp-eyed observers under a perfect sky may spot 
Other abject to look forare magnitude -4.0 Venus (26° west-northwest of the Sun, 
‘magnitude -1.8 Jupiter (5 east southeast), magnitude-1.5 Sirus (Alpha Canis Major 
57° west-southwest, and magnitude 0.1 Rigel (Beta[] Orionis, 61° west), Mercury (10.5° 
southeast) and Mars (8.5 west-northwest) will glow at magnitudes 3.3 and 1.8, respectively, 
sothey willremain invisible, mince nota cir isouencus 
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reaches our planet's surface. Anybody in 
the lighter outer region of the shadow 
(hich astronomers call the penumbra) 
will see a partial solar eclipse. 

‘The lucky individuals under the dark 
inner shadow (the umbra) will experience 
— a much better word than “see” — a total 
solar eclipse. Sometimes, only the Moon's 
penumbra falls on Earth, and the eclipse is 
partial everywhere, Not in August 2017, 

‘A question people often ask is, “Isnt the 
Sun a lot bigger than the Moon, so how 
does the Moon cover it so exactly?” Yes, the 
Sun's diameter is approximately 400 times 
larger than that of the Moon, What a coin. 
‘idence that it also lies roughly 400 times 
farther away. This means both disks appear 
tobe the same size 

Regarding timing, all solar eclipses hap. 
pen at New Moon, Unless the Moon lies 
between the Sun and Earth, it can't block 
any of our star's light. The only lunar phase 
‘when that happens is New Moon, 

But why doesnt a solar eclipse happen 
at every New Moon? The reason is that the 
Moon's orbit tilts 5*to the plane formed by 
Earth’s orbit around the Sun, which astron 
‘omers call the ecliptic (because that’s the 
‘only place eclipses can accu). 

‘Most of the time, our satellite is either 
north or south of the ecliptic, But during 
‘each lunar month, the Moon's orbit crosses, 
that imaginary plane twice. Astronomers 
call these intersections nodes. 

Solar eclipses only occur when the Sun. 
and the Moon lie atthe same node. Unfor: 
tunately, during most lunar months, the 
New Moon lies either above or below one 
of the nodes when the Sun is there, and no 
‘eclipse happens. On average, a total solar 
eclipse occurs somewhere on Earth about 
‘once every 16 months, 

But the average length of time between 
two total solar eclipses at a specific location 
‘on Earth is much longer: 330 years in the 
Northern Hemisphere and 550 years for 
locations south of the equator. 

‘The difference between the hemispheres 
is due to two factors: 1) More eclipses occur 
during summer months (more hours of 
daylight); and 2) the Northern Hemisphere 
lies farther from the Sun during its sum: 
‘mer, making our daytime star a smaller 
target (hence, easier to cover). 

The maximum length of totality also 
varies from one eclipse to the next. The 
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‘Michael E, Bakieh isa senior editor of 


Astronomy. Hewillbe conducting @massive The 13¢h NOAA Geostationary Operational Environmental Satellite took this series of images during 
public viewing party forthe eclipse in St Joseph, the partial solar eclipse October 23, 2014. The shadow moved over Alaska, western Canada, and the 
‘Missouri, See www.fpsc.com for details far northwestern United States, scinousc 
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cavaon Darkness crosses” 


Gulf of Merico 


MEXICO 
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To klometes 


‘The path ofthe Moon's umbral shadow across land begins in Oregon and ends in South Carolina. Numerous large cities lie within easy reach ofthe center 
line. The longest duration of totality — 2 minutes and 41.6 seconds — occursin and around Giant City State Park, in lings, xu onus 


reason comes from the fact that Earth is 
‘not always at the same distance from the 
Sun and the Moon is not always the same 
distance from Earth. The Earth-Sun dis 
tance varies by 3 percent and the Moon 
Earth distance by 12 percent. 

‘The result is that the Moon's apparent 
diameter can range from 7 percent larger 
to 10 percent smaller than the Sun, A big. 
‘get apparent size for the Moon and a 
smaller one for the Sun equals a longer 
totality. But a Moon that looks smaller and 
a Sun that appears larger means that you'll 
experience a shorter time in the dark. 

‘According to Belgian astronomer Jean 
‘Meus, the maximum duration of totality 
from 2000 ac. to A.D. 3000 is 7 minutes 
and 29 seconds. That eclipse will occur July 
16, 2186, so don't get to0 anxious. 

‘The length of totality during the August. 
21, 2017, eclipse won't be nearly that long. 

Its duration will vary according to your 
location. Where the Moon's umbra first 
touches land, at Government Poin 
Oregon, totality lasts 1 minute and 58.5 
seconds, The maximum duration, 2 min- 
utes and 41.6 seconds, occurs just south of 
Carbondale, linois. 
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It’s all about totality 

Everyone in the contiguous US, will see at 
least a partial eclipse. In fat, if you have 
cleas skies on eclipse day, the Moon will 
cover atleast 48 percent ofthe Sun's bl 
liant surface, And that’ from the northern 
tip of Maine, But although our satellite 
covering part ofthe Sun's disk sounds 
cool, you need to aim higher. 

Likening a partial eclipse toa total 
eclipse is like comparing almost dying to 
dying. Ifyou are outside during a solar 
eclipse with 48 percent coverage, you won't 
even notice it getting dark. And it doesnt 
‘matter whether the partial eclipse above 
your location is 48, 58, or 98 percent. Only 
totality reveals the true celestial spectacles: 
the two diamond rings, the Sun's glorious 
corona, 360° of sunset colors, and stars in 
the daytime, But remember, to see any of 
this, you must be in the path 

That said, you want to be close to the 
center line of totality. The fact that the 
Moon's shadow is round probably is 
revelation. fit were square, it wouldn't 
matter where you viewed totality. People 
across its width would experience the same 
duration of darkness. The shadow is round, 


As totality was ending July 22,2009, this imager 
‘captured three exceptionally nice Baily’s beads, 
which form when light from the Sun's disk passes 
through valleys on the Moon's edge. rss 


however, so the longest eclipse occurs at its 
center line because that’s where you'll 
experience the lunar shadow’s full width. 


Yes, we're sure 

This event will happen! As astronomers, 
some of the problems we deal with are 
ddue to the uncertainty and limited visibil- 
ity of some celestial events. Comets may 


Whether you observe the Sun with or without a 
telescope, you must use an approved solar filter. 
Here, the author's wife, Holley attached a filter 
tothe front of the telescope, vious sins 


appear bright if their compositions are 
just so, Meteor showers might reach stor 
levels if we pass through a thick part of 
the stream. A supernova as bright as a 
whole galaxy may be visible, but you need 
telescope to view it. In contrast to such 
events, this solar eclipse will occur at the 
exact time astronomers predict, along a 
precisely plotted path, and for the lengths 
of time given, Guaranteed. Oh, and it's 
daytime event to boot. 

‘After the 2017 event, the next tata solar 
eclipse to track actoss the continental U.S. 
‘occurs April 8, 2024. It's a good one, too. 
Depending on where you are (on the center 
line), the duration of totality lasts at least 3 
‘minutes and 22 seconds in eastern Maine 
and stretches to 4 minutes and 27 seconds 
in southwestern Texas. 

After that eclipse, i's a 20-year wait 
until August 23, 2044 (and, similar to the 
1979 event, that one is visible only in 
Montana and North Dakota). Total solar 
eclipses follo and 2078 

But it's 2017 that's causing all the excite 
‘ment now. Stay tuned to Astronomy and 
Astronomy.com for much more informa- 
tion about t ill 


discuss tip planning, how to observe the 
event, top locations for activities and view 
ing, and much more. We'll keep you 

informed so that you can approach the 
‘eclipse without a shadow of doubt. 


‘This photo sa digital multiple-exposure of the sequence of the November 14,2012 total solar eclipse 


beginning shortly after sunrise as seen from Queensland, Australi. oxo 


‘The two most exciting words in cience may be, “Diamond rng!” This shot, taken atthe beginning of 


totality July 11,2010, shows why that phenomenon received its popular name.cisa2s:8 
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To catch a 


shootin 


A renowned meteorite hunter turns his 


gaze to the sky as part of a growing network 


of fireball trackers. by Eric Betz 


‘Steve Schoner processes meteorites inhi office the former home of Pluto discoverer Clyde Tombaugh. 


teve Schoner once spent 17 years 
looking for a single rock. He criss. 
crossed thousands of miles in 
hundreds of days walking the area 
around Glorieta Mountain in New 
Mexico, Along the way, he fell down a 
cliff, was confronted by a bear, hid from 
‘drug smugglers in the dark, and saw more 
rattlesnakes than he could count. 

Most of the time, he hiked alone, 
watching the ground and listening for tell 
tale beeps from a metal detector — sounds 
he hoped would lead him to a 40-pound 
(8 kilograms) asteroid remnant richly 
Jaden with yellow-hued stones. 


Eric Betz is an associate editor of Astronomy. 
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Schoner was among the most prolific 
‘meteorite hunters in the Southwest from 
the early 1970s until a rare brain disease 
nearly claimed his life in 2003. He searched 
for then what he still searches for now: 
billion-year-old chunks of space rocks left 
cover from the chaotic upstart of our solar 
system, His slow uphill climb from disabil- 
ity now forces him to hunt meteors with a 
computer screen and an automated rooftop 
camera instead of wandering alone in a 
remote wilderness, The instrument is part 
of a growing network of fireball video 
recorders, which use black-and-white wide 
angle cameras to capture the entire sky 
when triggered by celestial movement, 
These devices are giving astronomers new 


g star 


insights into Earth's interactions with the 
space debris that surrounds ws. 


Cosmic dust 
‘A meteoroid spends billions of years drift 
ing about the solar system — either as part 
ofa comet or asteroid, or even a chunk of 
the Moon or another planet — before it 
crosses paths with Earth and is violently 
ripped apart in the atmosphere. Rate mar 
tian rocks can be as young as afew tens of 
nillios of years old, bt common meteor 
ites (the term fora space rock once it’ land: 
ed on Earth) are time capsules of planetary 
infancy dating back some 4.5 billion years. 
‘Small bts of rock are falling to 
Earth all the time. Estimates vary, but 


measurements indicate that thousands of 
pounds of these meteoric debris breach 
ur atmosphere each day and find their 
way to the surface, where their organics 
play a role in earthly biology. Most of this, 
cosmic dust is too small to create meteors. 
Sometimes the rocks are large enough 

to put on a show. Astronomers call these 
night-sky streakers “fireballs” when they 
flare brighter than Venus. 

And that’ the information New Mexico 
State University scientists are after. As the 
‘number of meteor observations increases, 
their All Sky Camera Network aims to cre 


ate overlapping fields of view so that sev 


eral cameras can catch the same fireball, 
allowing astronomers to find its speed and 


height. With sufficient imaging, research. 
ers can calculate the meteor’ original orbit 
and help determine whether the abject 
began life as a comet or an asteroid. 

‘They're hauling butt, so they've gota lot 
of energy,” says Bill Cooke, who runs 
NASA's Meteoroid Environment Office at 
the Marshall Space Flight Center in Ala 
bama. “A lot of people underestimate the 
amount of energy meteors have.” While an 
average fireball is typically about a mill 
‘meter toa centimeter in size it’s entering 

000 


Earth’s atmosphere at anywhere from 
mph (11 kins) to 160,000 mph (72 ken) 

“If that hits you, it’s like I shot you with 
1.357 magnum,” Cooke says, “That's why 
we worry about orbiting debris so much, 


A particle smaller than a millimeter can go 
right through a space suit 

Part ofthe network's initial funding and 
goals also stem from a desire to show the 
US, government’ satellites how to tell the 
difference between natural and man-made 
atmospheric explosions, In some cases, it 
even can help meteorite hunters like Schoner 
track down the rock if it survived the fall. 


hooting sta y 
Schoner has been involved with this 
network from his home in Flagstaff, 
Arizona, since 2012, And his camera isnt 
just mounted on any rooftop; this is the 
former home of Pluto discoverer Clyde 
Tombaugh. So far, Schoner has caught five 
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fireballs. He hopes data from one event 
will help hunt down the meteorite 

‘Astronomers have labored to enlist 
network of 100 rooftep cameras on homes 
across the country to watch for meteors, 
but due to recent budget cuts, the program 
‘was shifted to private servers. The data is 
still collected and stored for research and 
coordinating meteor fall trajectories, but 
it's now run by a collaboration between 
amateurs and professionals, 

NASA runs its own search called the All 
Sky Fireball Network 

‘Cooke commands that project. He cur 
rently has 15 cameras in use, and ifhe can 
find the funding, he'd like to implement 
many more. Whereas the All Sky Camera 
Network struggled because it relied on the 
user's computer, Cooke provides citizen 
scientists with all the equipment needed, 
installs it, and then performs regular cali 
Drations to make sure the measurements 
are precise. Irs highly effective and pro 
duces better science but also much more 
time-consuming, In addition, he runs a 
‘companion effort with M-inch Celestron 
telescopes pointed at the crescent Moon to 
‘watch for meteor flashes. "We can see a 
rock the size ofa golf ball hitting the 
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NASA\s fireball cameras can capture the entire 
night skyin one view, which helps tie events 
‘together using instruments around SO miles (80 
kilometers) apart. The cameras are composed of 
a wide-angle video recorder and aan to prevent 
fogging. sicaoensss 


Moon with an amateur telescope on Earth?” 
Cooke says. It turns out the impacts corte: 
late well with meteor showers on Earth. 

His scopes caught 21 flashes on the 
Moon in one night during the Geminid 
‘meteor shower in December 2010, He says 
the overall effort is teaching astronomers 
about the meteoric environment. 

And as NASA’ network expands, 
Cooke hopes to catch meteorites from the 
Taurids and Geminids. Meteors from those 
two showers are the only ones to breach 
Earth's atmosphere slowly enough to sur 
Vive all the way to the ground, Most storms 
of shooting stars stem from comet debris 
crossing Earth's path; the Geminids are 
unusual because they come from an aster 
oid, 3200 Phaethon, which passes uncom- 
fortably close to our planet. 

‘But what's stranger still is that comets 
create shooting stars thanks to icy debris; 
astronomers dont know how an asteroid 
could pull of such a show. One thought is 
that Phaethon started life as a comet, which 
Js supported by its highly elliptical orbit 

ach year look forward to these 
events that we might have a potential 


“Parting with that big pallasite 
was a mental trauma for me, 
even though it is only a big 
glorious rock. | labored for 
years, walking untold miles 

to find it,” Schoner says. 


meteorite dropper,” he says. “The science 
value of that would be potentially immense. 
It’s kind of like a sample return mission, 
but it’s coming to us.” 

‘And the project has another even 
broader objective: informing the public. 
“We live in a world of 24/7 news, and if 
people see a bright light, they expect NASA 
to know what that is,” Cooke says. NASA 
often sends fireball footage to CNN and 
local TV stations following bright events 


The Glorieta pallasite 

‘As a teenager, Schoner developed a love 
for meteorites that would lead him to find 
hhundreds of space rocks across the United 
States and abroad, His mother bought him 
his frst meteorite as a birthday present 

{in 1969, The young Schoner read a news 
story and contacted a hunter in Australia 
after residents in the town of Murchison 
watched a large fireball fll from the 

sky. He wanted to buy a piece. His father 
instead insisted he save his dollars for cl: 
lege. But when he returned home for spring 
break, his mother presented him with a 
package postmarked from Australia, 

“It was wrapped up ina twisted cello 
phane bag, and when l opened it up, 
could smell the organic material oozing out 
of the meteorite,” Schoner says. 

She'd bought the carbonaceous chon: 
drite for $7 a pound. (On eBay, thin sec 
tions from the Murchison meteorite now 
sell for hundreds of dollars per gram.) 

The gift emboldened Schoner, and, like 
generations of prior meteorite hunters, he 
set out on his own expeditions, combing 
the ground in known fall paths and speak 
{ng to locals when an object was actually 
seen falling from the sky. But he eventually 
found that even when you know the area 
here the meteorite fll, itcan take years of 
searching to find what yout aftr. 


‘Steve Schoner combed a known fireball fal 
path for 17 years before he found this 44- 
‘pound (20 lograms) meteorite s:2.4 


‘At Glorieta Mountain, Schoner kept 
‘coming back because he believed his Holy 
Grail stone was out there. He was hunting 
40-pound chunk of pallasite that his 
mentor, meteor expert Harvey Nininger, 
first predicted should exist in the late 
1930s, Whereas most meteorites are stony 
‘or iron, a pallasite comes from the bound: 
ary between an asteroid’s core and its sur 
face. A pallasite has a rugged exterior, but 
‘when cut open, the stones show off like a 
‘gem, revealing brightly colored olivine 
crystals embedded throughout. 

In fact, hundreds of pounds of large 
‘meteorites had been pulled from Glorieta 
Mountain starting in 1884, but most were 
iron. Based on their composition, Nininger 
had told the then teenage Schoner that a 
large chunk of pallasite — about 40 pounds 
— should still be waiting in the dirt. 

The discovery of a lifetime finally came 
in 1997, Schoner had picked up a new 
metal detector and headed out to search for 
the stone. As he calibrated the instrument, 
he walked in a small area around his car to 
test how it responded. Then it went crazy 

Elbow deep under the surface in a small 
crater-like depression, he found a 44-pound 
(@0kg) meteorite exactly like the one Nin- 
inger had predicted. Schoner won't say how 
‘much money he got, but only that he sold 
the stone to the well-known meteorite col 
lector and dealer Darryl Pitt in a partial 
trade, Pitt took the risk of cutting the pal: 
lasite into slices and sold pieces all over the 
‘world. The largest section recently sold at 
auction for $82,000, 

“Parting with that big pallasite was a 
‘mental trauma for me, even though it is 
‘only a big glorious rock. I labored for years, 
walking untold miles to find it” Schoner 
says. “Ido not have a slice oft, and that is 
OK, as itis really only a rock — unlike any 
‘ther rock, though” 

For his part, Pitt says the pallasite as 
Well as Schoner are two of the most inter 
esting specimens he's encountered in a long 
career chasing meteorites. 


A fresh fall 

Schoner used funds from the meteorite, as 
well as cash from selling off property he 
‘owned in Flagstaff, to buy the Tombaugh 
house. He moved the small home to alot 
at the base of Mass Hill, where the astron. 
‘omer discovered Pluto. Tombaugh lived 
there with his wife and young children 
before moving to the White Sands Missle 
Range in New Mexico to help the military 


Asteroids strike anywhere, anytime 


‘© Day (255) « Night (301) 


NASA recently eleaseda map of large meteor 
events, which conclusively shows impacts hap- 
pen with no trends in location or timing. =. 


learn to track projectiles more precisely 
Schoner began the renovation process, but 
not long after, he was hospitalized with 
profound brain trauma caused by a rare 
form of encephalitis — inflammation of 
the brain. Doctors thought he'd be per- 
manently disabled. Schoner fought back 
and has regained much of his mental acu: 

ity, though he still struggles with stamina 
and simple math that once came easy to 
him, He makes his living now through his 
company, PetroSlides, where he creates 
thin sections of meteorites for researchers 
and collectors all over the world. He’s even 
had the opportunity to handle rocks from 
Mars and one potentially from Mercury. 

‘And he gets his fix of meteorite hunting 
thanks to his rooftop camera, He’s caught a 
handful of fireballs already, but one recent 
event has Schoner thinking the find of 
Lifetime might still be waiting. 

His camera caught a bright fireball 
October 4, 2014. The bolide lit up the skies 
cover Flagstaff in the early morning hours 
and left a tral oflingering meteor smoke 
that mystified local residents, who took 
their photos to social media. On the sparsely 
populated Hopi reservation to the north, 
people said they felt the air shake and the 
ground move, rattling theie windows, 

Schoner’s rooftop camera was the only. 
‘one to capture the fireball on video. The 
instrument wasn't dialed in enough to catch 
the exact fall path, but Schoner says he has 
‘a rough idea where it landed from talking 
to residents and comparing with online 
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This thin section ofthe 44-pound (20 kilograms) 
Glorieta Mountain pallasite recently soldat auc- 
tion for $82,000. cassis ve 


photos. Its likely placement on a Native 
‘American reservation means permission is 
required to search. He plans to mount an 
effort to find the stone, starting by getting 
the word out to let locals know what could 
be strewn across the ground. Schoner rates 
the rock’s potential significance by its "born- 
‘on” date, which stands out in his mind. 

Only 132 Mars meteorites have ever 
been found. Two fallin early October of 
different years. Like a meteor shower that 
returns at the same time each yeas, Schoner 
says he has a gut-level feeling that Earth 
crosses paths with a martian asteroid — 

a large rock kicked off the Red Planet in 
‘an ancient impact — around the same 
time each year. 

Statistically, Cooke says Schoner’s 
expectation of a martian meteorite is 
highly unlikely to hold up. But after Glorieta 
‘Mountain, the space rock hunter has shown 
that odds don't mean much to him. @ 


juve Astronomy.com/toc. 
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EQUIPMENT REVIEW 


We test 


ike many observers I've talked to 
through the years, I always have 
hhad a special place in my heart for a 
‘small refractor. Refracting telescopes 
lus lenses to bring light to a focus 
and are the oldest type of telescope. While 
the inventor of the refractor isa matter of. 
debate, Hans Lipperhey, a German-Dutch 
spectacle maker, filed the first known pat- 
ent application October 2, 1608, 

Early refractors typically required a 
large (or slow) focal ratio — which trans- 
lates toa really long tube — to keep false 
color under control Such instruments were 
abit unwieldy, especially if there was any 
‘wind, Major improvements followed: the 
achromatic lens (in 1733), the apochro- 
matic lens (in 1981), and various formulas 
far types of low-dispersion glass 

‘As amateur astronomers, we are lucky 
to live in a world where we have a plethora 
‘of choices in telescopes. We use them both 


as camera lenses and visual instruments. 
Refractors excel at wide fields, but good 
‘ones also take magnification well, They are 
portable, durable, and — when well treated. 
— do not requie collimation (alignment). 
Finally, [prefer a small refractor to large 
binoculars for one major reason: the flex 
ibility to change magnification, 


‘cate that Stellarvue uses 


Speaking of small tleccopes, Auburn, 
California-based Stllarvue recent into- 
diced a new ultra-portable apochromatic 
refractor that | suggest you take a careful 
Took at. f you're an experienced observer, 
this could become your new grabvande-gn 
scope, If on the other hand, yonte new 
to astronomy, this scope will help you get 
into the hobby imply and inexpeastey 
“The Stllarvue SV6OEDS isa 2-inch 
(60 millimeters) eftactr that hasan apo- 
chromatic doublet (two lenses that reduce 
solar as tact ecine Seat aone i 
high-quality 


1 This 24-inch scope is so 
) ] portable that you'll use it 
i= night and day. by Tom Trusock 


‘The scope’s focal length measures 330mm, 


Which yields a focal ratio of f55. 

‘The SV6OEDS sports a rotating 2" rack- 
and-pinion focuser with a dual-speed 
‘mechanism. Stellarvue includes a 14" 
adapter, and compression fittings are stan- 
dard. The scope also comes with a clam- 
shell adapter with finder bracket, a mini 
Vixen-style dovetail plate, a well-padded. 
soft carry case with room for three eye- 
pieces (or two eyepieces and the optional 
field flattenes) a star diagonal, and a tube 
extension for those wishing to use the tele 
scope for wide-field photography. 

The lens cap is metal and a press fit 
‘The optical tube looks great — white pow- 
der coat with black anodized fittings. The 
telescope, clamshell, and included accesso- 
ries weigh just 3.8 pounds (1.7 kilograms). 

Stellarvue's attention to detail impressed. 
ime: The rubber cover on the clamshell 
lever, the 4-20 hole in the dovetail plate for 
direct attachment to camera tripods, and 
thumbscrew with non-marring tips are all 


Stellarvuels SV6OEDS isa compact apochromatic 
refractor. These images show the telescope fully 
centimeters) and 


‘These images of Comet Lovejoy (C/2014 Q2) and the Rosette Nebula show what the SVGOEDS can do when connected to Canon 60Da. The comet image isa 
‘wo:panel mosaic, eacha stack often 3-minute exposures at [0 3200. The Rosette also isa stack often 3-minute exposures at I$0 3200.40 


telescope design. And the end product is 
indeed handsome, The big question is: 
How does it perform in the wild? 


Under the sky 

With a 330mm focal length, the telescope 
ists own finder scope. I inserted a 24mm 
eyepiece with a 68° apparent field of view 
and enjoyed a magnification of L4x with 
a true field of view of neatly 5° — that's 
10 Full Moons side by side. As you might 
expect, this leads to some stunning 
low-power views ofthe night sky. When 
picking targets with a small-aperture, low 
power scope like this, there is no better 
starting point than the Moon. 

With a waxing gibbous Moon high in 
the sky and a 3-6mm 200m eyepiece in the 
focuser, images were sharp and contrasty 
With litle offaxis glare. The telescope had 
a clear “snap to focus,” a trait indicative of 
high-quality optics. The scope showed little 
false color even at high magnifications and 
handled magnification pretty wel 

When touring the Moon, | noted on 
various occasions that the image held up 
‘quite well ll the way to 110x (46x per 
inch). ln my book, this i a performance 


‘The front lens ofthe SVEOEDS isa 24-inch (5.5 
doublet. The company manufactures one of the 
lens elements from Ohara FPL-S3 glass. 


consistent with a quality apochromatic 
doublet. The star test revealed perfect col 
limation. The images on either side of| 
focus were exactly what I'd hoped to see. 

The wide fields this instrument i capa 
ble of make for some stunning vistas. 
Through my 24mm eyepiece, I could see 
all of Collinder 70 (often called the Orion's 
Belt Cluster), and the same was true with 
the entire Orion Nebula (M42) complex 
Open clusters were especially beautiful 
Their stars shone as gemstones against a 
deep black background 

My favorite eyepiece with the scope was 
cone with a 13mm focal length that pro 
vided slightly more than a 3° true field and 
offered a magnification of 25. The combi 
nation of wide fild, moderate power, and 
great contrast really served to showcase just 
hhow nice this litte telescope is. 

The SV60EDS also makes a wonderful 
daytime spotting scope. Its size and capa 
bility make it an ideal litle telescope to 
leave set up in the front room ofthe house 
for those quick peeks when Mother Nature 
provides the opportunity. 

‘Apart from my lavish praise, Ihave only 
two notes to potential buyers. First, given 


‘The one-piece aluminum clamshell ing has a 
ixen-style dovetail rail underneath anda shoe 
fora finder scope. 


the scope’ small size, itis a bit back-heavy. 
Depending on your mount (in my case a 
‘manual altazimuth one), you might want 
to invest ina slightly longer dovetail plate 
to allow you to slide the scope forward a bit 
‘mote and thus obtain a litte better balance 
to facilitate hand tracking. 

‘My second point is for those who may 
be looking into using this as an astrogeaph 
(a wide-field imaging scope). I suggest the 
‘optional photographic field flattener: 
Stellarvue's SFF60 ($299) 


Big praise 

Allin all, I was quite impressed with the 
SV6OEDS. It's a sharp litle telescope — 
both to look at and to look through. I's 
obvious that Stellarvue took much cate 
and paid attention to details in the design 
and production of this model. If | were 
looking for an apochromat in this size 
ange, this one would definitely find its 
\way onto the short list of contenders. 


PRODUCT INFORMATION 


Stellarvue SV60EDS 
Type: Apochromatic refractor 
Focal length: 330 millimeters 
155 
5 inches (216mm) (dew shield 
retracted, focuser in) 
Weight: 25 pounds (1.1 kilograms (tube 
nly) 
Included: Dualspeed 2" focuser, foam: 
lined carrying case, clamshell-style ring 
with attached Vien-style rail 
Price: 5599 
Contact: Stellarvue 
11820 Kemper Road 
‘Aubutn, CA 95603, 
1m 530.823.7796 
[ou] www stellarvue.com 


ASTROSKETCHING 


BY ERIKA RIX 


Galaxy groupings 


tac ine noe seagate, youll eraser shield as a straightedge. uses stage of er sketch fgalnies NGC 572 and NGC 577Sin the Vigo 
‘sly spot edge-on NGC Rub the tip ofa blending, Cluster, the authar has plotted only the brightest stars to orient the field of view. She 
{Sianhernotives.buite  deewiheplimyaiaingis — EV ahtmandlrsmtatadecs bay 


SSS 


The author used the edge of an eraser shield to matkthe midline of NGC 5775 left} and then used a blending stump to produce the body ofthe galaxy imide. NGCS774, 
ational stars and soft alow aroundthe brightest stars complete the sketch (ight, She scanned the nal version and leaned up rough edges stars using Photoshop 
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ASTRONOMY.COM 


brings the sky above 
to you with these great 
subscriber-only benefits: 


" ~Expert 
aalssof20 + teecopes, noua, 
cameras and morel 

. —Your wide 
for locating stars planets at 
and more! 

— 24 zoomable star charts 
* show 4 00 stars and 800 deep hy 
object! 

. — Your oad map to 
‘each month observable celestial events 

~The informative source 
that answers reader questions with expert 
explanations 

. — Avast cllection 
ofpletures, moves, and audio, 

many more Website extras 
anallble only to subscribers! 


Astronomy. 


ALCON 2015 


“America’s, Dark SkyParadise” 


July 9 - 11, 2015 
Las Cruces, New Mexico 


* 


Great place, great speakers, great tours, star parties 


and live entertainment! 


ALCON2015.ASTROLEAGUE-ORG 


‘When You Surround Yourself with 


GOOD PEOPLE 


Good Things Happen! 


ADVARMMA 


ARAAAA 


ARIE 


OPT is Here to Serve You! 
OPTtelescopes.com | 800.483.6287 


COSMICIMAGING 


BY ADAM BLOCK 


Maximize a 
minimum filter 


Faint to medium-bright stars 1. Choose "Highlights" as 
nan image can beadistrac- the selection method, and 
tion, making it difficult to adjust the “Fuzziness" and 
appreciate a nebula or galaxy. ‘Range” sliders until only the 
Using a minimum or erosion _ stars appear inthe preview 
filter is a wonderful way to ‘window with litle nebulosity 
de-emphasize star-crowded 2. After pressing “OK” and. 
fields and thereby dramatically creating the selection, remove 
enhance your image. any unwanted parts with the 
The ideas of distraction and “Lasso” tool in the "Subtract 
‘optical confusion play a part in selection mode. 
‘ua daily lives. Signage for 3. Nest, “Expand” the selec 
roads and the design of stairs tion by 3-6 pixels, and then 
strive to minimize optical con- “Feather” by half the value you 
fusion for public safety chose, (Feathering by half the 
‘Thanklully, itis unlikely any- value of aselection’s expansion 
‘one will injure themselves {san excellent rule of thumb) 
while admiring your space ar 4. Atthis poiat, you ean 
but using @ minimum fillercan apply the "Minimum filter 
rake it easier to see large using a fractional pixel value if 
extended structures seeming! you desire, although | pixel isa 
hidden by the stars {good choice for oversampled 
The standard method in fiages. Choose the "Preserve 
Photoshop isto use "Color Roundness” option, which is a 
Range” to select only the bright most appreciated kernel filter 
stars in an image (see Image that mitigates telltale artifacts 
#1), Then follow these steps that used to plague this tool 


FROM OUR INBOX 


Alien visits 

“To dismiss and equate all UFO sightings ("Let's cut the UFO 
crap,” March issue, p. 9) lo an “incredible naiveté” in the belief 

of alien visits to Earth i a pretentious statement by Editor David 
J.Bicher, Afterall, cosmological acceptance of inflation and that 
all matter evolved from a point source are just as incredible, Ibis 
wonder out there, and there remains much to be understood, 
ts too bad not to have more open-mindedness rom the editor of 
this magazine, — Barry Pannebecker,SuthDeerel sacs 


Corrections 
(On p.42in the March issue, #177 should have read “Wilhelm. 
[Ronigen.” — Astronomy Editors 


In our March issue (p. 56), #252 should have read, "On August 
28, 2003, Mars came closer to Earth than it had in 60,000 years” 
‘The next time Mars will be closer will occur August 28, 2287. 

— Astronomy Editors 


Image #1. Follow the author's method 
InPhotoshp by fest selecting the 
Highlights choice rom the pul own 
rmenuin "Color Range” Then aus the 
Siders so that nly stars are shown in 
the preview wind nes tne 


5. This one is a secret of mine. 
Apply a very small “Unsharp 
Mask" of 2 or 3 pixels with & 
value of 20 to 30 percent. This 
Will keep the stars from wilting 
by adding back a litle brightness 
and a small degree of edge 
enhancement 

also would like to offer @ 
method I developed that I have 
not seen published elsewhere, IL 
modifies things after step 3 
above and may be a powerful 
tool in many situations. Make a 
copy of your layer, and after 
doing steps 1 through 3 above, 
try the following: 

4, Select "Create New Layer 
Mask” by pressing the small icon 
at the bottom ofthe "Layers 
palette. This will convert your 
selection toa slightly bloated star 
mask like Image #2, Remember 
you can always convert a selec 
tion toa mask and vice versa 

5. On the upper layer, once 
agein choose “Color Range’ 
('Highlights’) to select the stars 
that have the same settings as 
those you chose the first ttn, 
but this time “Contract” the 
selection by 1 pixel. 

6. Now enter the layer mask 
by pressing the ALT button and 
clicking on it, The selection will 
still be visible. 

7. Finally, right click on the 
selection, and choose “Fill Fill 
the selection with black, 

Your mask will look like 
Image #3. This ix something like 


Image #2. Alter dupiating your ia 
and creating the expanded selection, 
press the "Create New Layer Mask but 
{on inthe“Layes' palette totransorm 
Yourselecton nto1smask Youllind 
high-eslutton version of NC 2359 at 
itp/skyenteatzonaedulgalry/ 
sebulae/nge2359. 


nage #3 Reslet the stars and 
Contract” the selection by 1 pl Then 
enter the star mackand Pl" th lack 
inthe selection. Th wil blackenthe 
‘centers of stars and leave the ngs 
shown here This contour starmaskis2 
Powerful toon many appiations 


a contour or halo star mask, 
‘The difference between the 
‘expansion and contraction of 
the selection determines how 
large these rings are around 
stars. The benefit is that any 
modification you make to stars 
using this type of mask will 
affect most strongly the edges 
‘or halos of stars, In our par 
Uicular ease, we employ the 
minimum filter as described 
above and now have much 
{greater control ofthe erosion, 
process — all without clobber: 
ing the centers of stars! 

In the nest columa, I will 
investigate the stories that 
images tell and how that 
informs the choices we make 
when processing our data. @ 
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March 2-11, 2016 


Tour and witness 
d 


Experience solar eclipse trip like no other in the equatorial paradise of Indonesia. 
Immerse yoursetfin the festivities leading up to the Balinese New Year before 
Watching the Moon block the Sun's light in a total solar edipse. Your tour includes: 


with Astronomy magazine 


> Balinese rituals that few ever witness 
> Visits to stunning ancient temple gardens 


Lectures and eclipse viewing guidance from Astronomy staff 
<P And much moret 


SOME Ae TRIP TOON 


Visit www. sew Com/bali scieursr 


Exclusive podcasts from Astronomy. magazine 
Editor David J. Eicher interviews 
Superstars the world’s top scientists! 
] Monthly hourlong conversations with the greatest 
minds in astronomy, covering cosmic beginnings, how 


life will end on Earth, Mars exploration, the search for 
extraterrestrial intelligence, and much more! 


JEFF HESTER =i GARIK ISRAELIAN 


i ALANS TERN” 
fromthe dig8angt0 ] Sap | vxogscence an the As te ourney to hitoand 
figbrans Life and Ay) | the strmus Festal Myth 
bee ie 
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BUSTEN NOW AL www. TT coupes 


Byought to youly (@ CELESTRON . 


NEW 
PRODUCTS 


Attention, manufacturers: To submit a product 
for this page, email mbakich@astronomy.com. 


Motorized focuser Night sky app 
IMT Telescopes United Soft Hedi 
Lakewood, Colorado Munich, Germany 


United Sot Mecla’sRedshit 
Discover Astronomy app shows 
‘what you can see inthe current 
night sky and takes you an a3-D 
fights database contains 


NI Telescopes’ MOTOFOCUS for 
Willa Optics ZenthStar 10, 
refractor isa battery-operated 
hand contallr with an electric 
focus motor that attaches tothe 


hirinintipunrodier gated Napier’ Sportz 57 Series Truck Ls hiemrunandd 21mm eyepiece 
we “" mead: Tent assembles in the back of. (wl wweusmgames.com Celestron, Torrance, California 
peed your open-bed pickup, creating Celestron’s Ultima Duo 2mm 
{t) 800.247.0304 J A 
{a wtp cnn Pere bnnieremente Discover \ireerrmennerd 
eieereueercms ASL ONOITIL [iiaersetmes 


five groups, all of which are fully 
rmulticoated, The batel has 
Integral 42mm Tadapter 
threads as wellas internal 
threading to accept fiers. 
Price: $2995 

{113103289560 

[wu] worwceestron.com 


inside the tent. The madel 
57044 tent fits tucks with 
5 foot beds ike the Chevrolet 
Colorado, GMC Canyon, and 

upcoming 2016 Ford Ranger. 


JOIN ASTRONOMY MAGAZINE'S 


AURORA ADVENTURE 


TOBER 2015 . 


Experience a once-in-a-ifetime north Norwegian coast a 
interior with Astronomy magazine. 


> 6nights of dark sky aurora view 


> Guided tours by loca ex 
{present Sami culture And muchn 


a. 


RESERVE YOUR SPOT TODAY! 


Visit www.astronomy.com/norway 
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Pluto will¥inally feel the 
spotlight when the New Horizons 
spacecraft flies past this July 
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Astronony 7, =a 


com 69 


Khan Scope Centre 


“he Astron ofny’ , 
shop with a s 


Difference" fs 


THE NINE PLANETS RING 


wwwJandsofamerica.com/member/53998 
2 Swww.khanscope.com ‘orcall Lenk Real Estate 713-385-3001 


Optical Coatings 
Parabolic Mirrors 
Testing 
Refiguring 


www.OpticWaveLabs.com 


See the Universe in color live with 
([MALLINCAM }] 


\stronomical Video CCD Cameras 


MALLINCAM.COM 


360" horizon to horizon 
660-675-5066 


www MoonglowTech com ESSIEN No eta 


EGLIPSE SHADE: 


‘Sate Solar Viewers. 


oO 


Rained 
yet ex Fee 
wr INDOWEYONONY COT 


STELLARVUE 
SVSOEDS 
60mm f-5.5 
Apochromat 


StarGPS ‘STELLARVUE™ 


‘Plug & Play" GPS for Vixen Starbook, jiee0 Kempen ROAD 
‘AP-GTO, Meade, Celestron, Gemini AUGURN, CALIFORNIA 96603 


www.stargps.ca 


www. com 


BRANDON EYEPIECES 
Te seen see wa S000 
sf sas iT es At 
he cae, Sad 8 mb, sage ula lasts 2. 
+ 6-48mm focal length Inszoe, Teaser se aise fu asa may ea 
+ Uitrasharp 
+ Superior contrast 


+ American made ernazensoa~ Fa siege 1039 


axrnemia aus, amateur universes, cologes, stcondr & primary shal recauzeASH-DOME 
stanly lr thee pevormancedrailty and depend. Sundardszs rom 8 lo 30 fet in dal. 
ite od eceston alae. 
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ScopeStuff 
‘Telescope & Hardwe 
copie an rarivae Free mipping i the USA Cages tema 
www.scopestuff.com / OMY $3,765 
512-259-9778 ‘*# iscor-opticalcom 
first person to disprove Build Your Own =; INDEX of 
“The AP Theory” Custom Astronomical Adspter ADVERTISERS 
‘the formation of water and our solar system ewpreciseparts.com fais elcesoes # 
CONTEST RULES weigtaat., PRECISEPARTS | AlCon2015 6 
1. One theory cannot be used (aictummauresncincl 
to disprove another theory AcenvStheys teratonalely.-17 
2. All facts must be verified Keeping it Beautifully” $i pM aitecsi 70 
by an encyclopedia etl AstO HAVER cosvcteneteserneeeeeTY 
‘3. Must include successful _—— feet eee ga ree 
experiments and specific (okecbn ian ie 
details Astronomy SWEEPS... o se 19,69 
4. One example in nature esr ied sin 8 
must be submitted Ee ae ae 
Theory: www.aptheory.info eletron cs sesncteseeneernreecB TB 
iGananante Bee 8 
i : ater Howard nao 
arises tear ty domesalesastrohaven.com iOptron Pe id 
— 949.215.3777 wwwastrohaven.com Mann tent an) nN s 
Jewelry Designs for Med .coscreeee<70 
han Seope Cente csevcercrereees7O 
Greatest Southern ag AS7RO-PHYS/ICS ‘att Peak National Observatory. ..-....23 
i. YT . ‘MallinCam .. : 70 
Experience Dédicatedto me ss 
© Craftsmanship! Moanow Technologies sess.I0 
| ‘Mz Starguy-Viten Optics. 23 
Experience au New!!! —- Portail RUMEOSU reasoned 
Oberwetecsesscteneevsennneeneed® 
¢ na A. and . (Oceanside Photo & Telescope 6s 
unforgettable w Optic Wave Laboratories........000001.70 
discovering the Orion Telescopes le Binoculas .seecn.-5 
Precise Parts... n 
with Bob Berman aii Spiny oe 7 
Sandra Haddock .oscsevcernseenesTO 
SeopeStff n 
Shalyalensteuments.osevcescseene<7O 
‘Skmlation Curticulum Cor... sees--22 
SkyWtcher-USA.. 1s 
3 SiaGPS issuers oecsstscaeT 
Ape the Atacama Desert pce 
mountaintop erin end Superstars Atenony. 7 
incredible wildlife among other Technical innovations ......+.....001.70 
<itq Tele ue Optics IN. cceveennseenee2B 
‘For Me nformation on the Vernonscope LLC... 70 
Chilean Southern Sky or : Woodland His Camera & Telescope.15 
: Wor Science Festivalecsccesereeiee3 


Bob Berman pee com| 
‘call 845-901-7049 or visit 


‘eta nepal eases Ay 


BermanAstronomyTours.com 


1, LooP DELOOP: 
age combines 28 

rom November 

thet 

how te planet inthe evening sty 
nthe at 12 etch inthe morn 
9. Venus Canon EDS SD Mark 


5,150 400 generally, but 
SO 200 andiSO 800 on occasion 
3m 0s gD Os 


“Tung Tezel 


2. AGE DISCRIMINATION 
Open ster NCCT in Lyte aks 
Stone ofthe eldest ofthese abject: 
Recent studies date some of stars 
08 lo (Inch Explore 
Scent 

Astrograph a4, Canon XS DSLR, 
ISO 80, thirty-seven minute expo 
res sacked) «Chuck Kimball 


3. CRUISING THE DEEP SKY 
Comet Lovejoy (/2014 C2) passed 
lar duster 79 in Dacembe 


1886 ch 
Takahah F50-1060 retractor, 8 
STLT000M CCD camera LRG image 
vith exposures of 3,1, and 1 
respectively taken December 2,201, 
‘mately fom Sing Spring, Aural 
‘Jost. Chambé 
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August 10,2014 


Janwary 4, 2015 


January 15,2014 


4. DID YOU SAY “BRIGHT”? 

Gnd ght Nebula 122 fa coud of 

uct locaed inthe constellation Libra 
ofsimiar objects, cated 

thisone ata 4 aut of th 6 be 

the dmmest on her brghtnese scl 

(Bésinch Atro Tech ATIOEDT rfactor 

167, SBIG ST-820004 CD ca 

{Rimage wih exposures of 

40,and 40 minutes, espect 

‘Dan Crowson 


5.NEAR AND FAR 
‘Thiet documents the changing see 
ofthe Sun andthe Ful Moon dung 

3 one-year span, ram ett ht 
‘hay represent the Full Moon nearest 
perigee when the Moons apparent 
ameter wa 3. peiblon, when 
the Suns ameter wae2255; apelin 
(21.4, ang the Ful loon nearest 
apogee 29721. 

Newtonian reflector Canon 40 
teachimage la stack of 30 frames, 
taken from Kerman an) 
“EhzonRostamizodeh 


6. GALAXY THROUGH GAS 
Simard Galaxy (NGC 6822) ls 16 
milan light years away in Sagar. 
etween t ands however the 
Integrated FxNebula gas and dust 
iluminated bythe combned energy 

he My Ways stars. Also, the Blue 
Gk tothe upper nights the planetary 
nebula called the 
818) (ones De 
Astrograph at 3. 

ath 


respectively Kf Simon 


7.DUSTY BEARD 
NGCT7B8sarefection nebulsin 
Orion with some red emission nebula, 
But the main objects the inten 

blue region at enter andthe dusty 
swath runing tothe bottom ofthe 
image (1 inch RC Optical Systems 


ures of 300, 260, 160 ad 260 
minutes, respectively» Mark Hanson 


Send your images to: 
Astronomy Reader Galery. 0.B0 
1612 Waukess, WSS. ase 
indude the dat and latin ofthe 
image and complete phot dat 
telescope came, ites, nd expo 
sures Submitmagesty emalto 


MORE DOBS. MORE VALUE. 


AT SKY-WATCHER USA WE'RE EXPANDING OUR LINE OF AWARD-WINNING DOBSONIANS. 


THAT MEANS MORE MODELS, MORE FEATURES, MORE VALUE FOR YOU. 


‘when you want the most bang for your buck astronomically there's 
nly one way to go: Dobsonians. There's a reason these things are 
called light buckets, there's no other OTA design out there that's 
joing to ave you the same dolar to aperture ratio. And sine, here at 
Sky-Watcher USA, were all about delivering val, 

Tine of award-winning Dobsonians. 


Traditional Dobsonian 
It you'e looking fo a no-fils telescope designed to deliver the 
‘maximum amount o light for the least amount of money, tis is it 
The Traditional series is.a streamlined and easy-to-use-approach to 
astronomy. ll models include a rack-and-pinio focuser, nderscope 
and two eyepieces 


Collapsible Dobsonians 
The elegant truss tube design was carefully engineered to combine 
ease of use, extreme portability and consistent performance in an 
atfordable package, Unlike other truss tube designs, the Sky-Watcher 
Collapsible Dobsonian does not need tobe disassembled between uses. 
It transports as two compact pieces that can be assembled and ready 
to use in ust seconds! It is easy to collate once setup, and It holds 
its collimation throughout the evening! The patented Tension Control 
Handle allows users to add or reduce tension, thereby Increasing or 
decreasing the friction between the optical tube and the sideboard. 


SynScan GoTo Dobsonians. 
The exciting Sky-Watcher Dobsonian SynScan serles is precision 
engineered instrument that wil allow you to easly find and enjoy 
Viewing night sky treasures, such as Planets, Nebulae, Star Clusters, 
Galavies and much more. With its patented collapsible tube desig, 
these Dabsonians are truly the ultimate In portability and performance, 


‘with apertures ranging from the ultra-portable 6-inch upto the 
‘monster ligl-gathering 16-inch model, all ofthese scopes feature 
Sky- Watcher's breath-taking optics and come complete with Crayford- 
tye focuser, two Super Plossl eyenieces and finderscope. 


Soil you're looking fora big light bucket wit alte price tag, just 
‘000 skywratcherusa.com or visit one of our authorized dealers for 
complete seifcations and deta, 


rg 


Traditional Dobsonians 


e $305 
8 $355 
10" $585 


Collapsible Dobsonians 


8 $449 
10" $699 
12" $1,049 
14" $1,649 
16" $2,199 


GoTo Collapsible Dobsonians 


8 $1,035, 
10" $1,335 
12" $2,105 
14 $2,755, 
16 $3,655 


MO 
Sky-Watcher USA 


Be amazed. 


For information onal f our products and services, r to tind an authorized Sky-Watcher USA dealer near you, just vist www.skywatcherusa.com. 
GE W Don't forget to follow us on Facebook and Twitter! 
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FAST, SENSITIVE, seu 
AFFORDABLE 


CMOS imaging sensor have revolutionized solar system 
imaging. Capture your own stunning images of the Sun, 
Moon, and planets with Golestron's new Skyris 132 cameras. 


—- 


Designed in Germany by The Imaging Source in collaboration &> 
with Golestron engineers in California, Skyris 132 uses the — 
acclaimed Aptina ARO1S2 CMOS. imaging sensor, a favorite ty 
‘among the world's top imagers. You'l also get a full software suite . 
that analyzes every frame of video, throws away the ones affected _ . 
by atmospheric turbulence, and precisely aligns the best frames for 
razor-sharp astroimages. ro ee ‘ 
Skyris 132 F 3 
“+ The only cameras that combine SuperSpeed USB 3.0 

technology with the Aptina ARO132 sensor. 

re = SkyRIS iE 

“+ Capture up to 200 frames pr second when subframed agaueaelt® 


fon the planets 


+ Image the full 1.2 magabpixel 1/3-inch sensor at 60 frames 
per second, perfect for solar and lunar imaging 


+ Available in color (Skyris 182C) and monochrome (Skyris 182M) . 


RIMAGINGSOURCE 


(CELESTRON PREMIER SELECT DEALERS 

(PT ec ~ 0.486287 -veuaptaletaptcom igh Po Sie 800.286 8590 - veloc 
nate repaint -AOLSOASHE- emusic = 

exam B22 24 - oem. 

dra ~800.2232500 -wnvairanacm Wonton i - 00.427708- woul 


DISCOVER MORE AT 


celestron.com 


MARTIN GEORGE 
a5 it ap 


August 2015: Planets gather in evening 


August begins with three 
bright planets hanging low in 
the western sky during evening 
‘twilight. Venus, Jupiter, and 
‘Mercury team up with the 
Ist-magnitude star Regulus to 
create a fine binocular scene, 
but don't procrastinate — the 
vista wont last long. 

Venus is the highest and 
brightest of this group. It stands 
at analtitude of 15° a half hour 
after sunset and shines beil 
liantly at magnitude -4.4. The 
planet proves to be a captivating 
sight when viewed through a 
telescope. Itappears more than 
50" across and sports a razor- 
thin crescent just 7 percent lit, 
‘The planet’ large size makes 
the crescent easy to see even 
under the adverse seeing condi- 
tions typical at low altitudes. 

Venus disappears into the 
‘twilight glow during August's 
second week as it prepares 
to pass between the Sun and 
Earth, (This so-called inferior 
conjunction occurs on the 
15th) But the planet returns to 
view before dawn barely a week 
later. By the 3Ist, you can find 
it about 10° above the eastern 
horizon 30 minutes before sun- 
rise, A telescope then shows 
Venus looking remarkably 
similar to the way it did at 
the beginning of the month, 

Jupiter behaves in much, 
the same way as Venus does 
during August, but the outer 
planet moves at a slower pace. 
(On the Ist, you can find Jupiter 
6° to Venus’ lower right, Shin. 
ing at magnitude -1,7, the giant 
‘world appears prominent 
despite glowing less than 10 
percent as bright as its neigh: 
bor. Unfortunately, poor seeing 


conditions near the horizon 
‘mean a telescope won't show 
‘much detail on the planet's 
31"-diameter disk. 

‘The gas giant world appears 
2 below Regulus on August 1. 
‘As the gap between these two 
‘objects clases during the fal- 
lowing week, Mercury joins 
the group. Pay particular atten- 
ton from around August 5 to 7, 
when the three objects appear 
within 2° of one another and 
Venus lies some 5*to theit left. 
For the best views, use binoc- 
ulars and observe from a site 
with an unobstructed view of 
the western horizon, 

Jupiter becomes lost in twi 
light within another week, pass 
ing on the far side of the Sun 
from our viewpoint August 26 
‘Meanwhile, Mercury climbs 
higher in the evening sky. 
‘Although the innermost planet 
‘won't reach the peak of its appa 
tition until early September it 
becomes the most conspicuous 
‘object in the western sky by late 
‘August. On the 3lst, Mercury 
shines at magnitude 0.1 and 
appears nearly 15° high a full 
hour after sunset. You can find 
itamong the background stars 
‘of Virgo, some 20° below that 
constellation’ brightest star, 
Ist-magnitude Spica, When 
viewed through a telescope on 
‘August's final evening, Mercury 
appears 7” across and slightly 
‘more than half lit 

‘Wait for darkness to fall 
before targeting the solar sys 
‘tems most beautiful planet, 
‘Saturn then lies high in the 
northwest and in perfect posi 
tion for viewing with your 
naked eye, binoculars, ora tele 
scope, The ringed planet shines 


‘at magnitude 0,5 against the 
backdrop of eastern Libra, not 
far from the brighter stars of 
northern Scorpius. Saturn lies 
about 5* from both Beta (f) 
and Delta (8) Scorpii, a pair 
‘of 2nd-magnitude suns in the 
Scorpion’s head, 

‘The planet's high altitude in 
carly evening should translate 
into splendid views through a 
telescope, Saturn displays a 
disk that measures 17" across 
the equator surrounded by a 
ring system that spans 38° and 
tilts 24° to our line of sight. The 
planet’s shadow appears as a 
dark wedge falling on the rings 
behind the planet just off the 
disk’ eastern limb, Also keep 
‘an eye out for 8th-magnitude 
‘Titan, Saturn's biggest moon 
and the second largest in the 
solar system, 


‘glimpse of Mars in late August 
as it begins a nearly two-year 
apparition. The magnitude 1.8 
Red Planet hangs just 5° high in 
the east-northeast 30 minutes 
before suntise. Search for it 
through binoculars some 10° 

to Venus’ lower left. 


The starry sky 
One night in July 1778, French 
astronomer Charles Messier 
discovered a fuzzy patch 
oflight in the constellation 
Sagittarius. He described it as 
"very faint nebula. [that] 
contains no sta, Messier did 
not realize he was viewing a 
distant globular cluster, which 
his telescope could not resolve 
into individual stars 

We now know that M54 
does not even belong to our 
salary n 1994, astronomers 


discovered the Sagittarius 
Dwarf Spheroidal Galaxy and 
soon realized that M54 formed 
‘a major part of it. This galaxy is 
far smaller than the Milky Way 
and already has started to col- 
lide with our own. The globular 
cluster currently lies about 
£86,000 light-years from Earth. 

MS lies among the stars of 
Sagittarius’ prominent Teapot 
asterism, a region that rides 
high in the eastern sky after 
darkness falls these August eve- 
rings, The cluster stands some 
1L5* west-southwest of magni: 
tude 2.6 Zeta (C) Sagittarii, M54 
glows at 8th magnitude and 
shows up through 7x50 binocu: 
lars. Ifyou cant find it through 
‘telescope right away, center 
rmagnitude 3.6 Gamma (y) Sgr 
in your field. Then, enjoy the 
naked-eye and binocular view 
ofthe winter Milky Way for 
precisely 49 minutes. At the 
‘end of the wait, M54 will be 
centered in the field of view. 

‘Once you've found the glob- 
ular, you'll understand why 
Messier could not resolve it 
You'll likely need a 10-inch or 
larger scope to see even a hint 
of granulation. Still, i’ a thrill 
to view an object that belongs 
to another galaxy. 

Just last year, astronomers 
looked at the abundance of 
lithium-7 in M54, Our galaxy 
has a puzzlingly low amount 
of this element, and some 
researchers suggested that this 
scarcity applied only to the 
Milky Way. But studies of the 
stars in M54 seem to show that 
this is not the case. Scientists 
now think that the lithium 
shortfall may exist throughout 
the cosmos. » 
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ERCULES 


HOWTO USE THIS MAP: This map portrays 
the sky as seen near 30" south latitude, 
Located inside the border ae the four 
directions: north, south, east, and 

‘west To find stars, old the map 

overhead and arientit so a 

direction label matches the 


direction youre facing. 
The stars above the 
‘map’shorizon now 
‘match what's 

Inthe shy. 


Stats true colors 
PF epencdon surtace 
temperature. Hot 

stars glow blue sight- 

ly cooler ones, white; 
Intermediate stars ike 

the Sun}, yellow; followed 

by orange and ultimately, red. 
Fainter stars cart excite our eyes’ 
«olor receptors, and so appear vite 
‘without optical aid. 


AUGUST 2015 


Calendar of events 
2. TheMoonis at perigee 15 Asteroid Lutetiaisat opposition, 
(852139 lometers from Earth, wah UT 
10ho3m UT 


Venus isin inferior conjunction, 
The Moon passes "north of 1hUT 
Neptune, 15h UT 

16 Asteroid Vesta is stationary, 


Saturn is stationary, 20h UT 6h UT 
5 TheMoon passes 1.0° south of The Moon passes 2° south of 
Uranus, 9h UT Mercury, 15h UT 
Mercury passes 8° north of 18 The Moon's at apogee (405,848, 
Venus, h UT slometers from Earth), 2h33m UT 
7. Last Quarter Moon occurs at 22 The Moon passes 3° north of 
2h03m UT Saturn, 17h UT 
‘Mercury passes 0.6° north of First Quarter Moon occurs at 
Jupiter, 4h UT 19h3im UT 
‘Mercury passes 1.0° north of 26 Jupiter isin conjunction with the 
Regulus, sh UT ‘sun, 22h UT 
8 Asteroid Pallas is stationary, 29 Venus passes 9° south of Mars, 
whut ShuT 
9 TheMoon passes 0.7" north of Full Moon occurs at 18h35m UT 


Aldebaran, h UT 
30 The Moon passes 3° north of 
10 Jupiter passes 04° north of Neptune, oh UT 
Regulus, 23h UT 
‘The Moon sat perigee 
13 The Moon passes 6 south of (358,290 kilometers from Earth), 
Mars, Sh UT 1Sh2Im UT 


14 New Moon occurs at 14hS3m UT 


THOW TO READ ASTAR CHART AT wwwAstranomy.com/starchart 


REGISTERED USERS GET EXCLUSIVE ACGESS! 


Eniay from Astronomy 


when you register online! 
+ Get a weekly email newsletter featuring a appro news, 
reader gallery, and sky events. i a 
+ Submit your photos and be inspired by fost rsTmages. 


«Watch exclusive videos om observin. ce 
cutting-edge science, and more. » ” if 7 


+ Comment on articles and hare Og 


FRI REE Register now and you'll ee a 
ft! collection of Astronomy articles 
Gi to download instantly! 


COMPELLING 
SCIENCE wi 


Newton's apple: Edison's lightbulb. 
Hawking's astrophysics. Look where 
[ 
l 


curiosity can lead you. 


Connect today with the betes ideas and ¥ 
minds in science. 


Subscribe to Discover magazine and 
see where your curiosity takes you. 


